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Biological sciences
MESENCHYMAL STEM CELLS: ANTIMICROBIAL AND IMMUNOMODULATORY EFFECTS

Jamila Murtuza Aliyeva

Maya Nabi Farzaliyeva

Arzu Sakhavat Ismayilova

Veli Akhundov Research Institute of Medical Prophylaxis, Baku, Azerbaijan

Abstract

In recent years, the rapid increase in antimicrobial resistance has become a major global health
concern, highlighting the urgent need for alternative therapeutic strategies for the treatment of infec-
tious diseases [1]. In this context, mesenchymal stem cells (MSCs) have attracted significant attention
not only because of their regenerative capacity but also due to their antimicrobial and immunomodula-
tory properties [1,2]. Experimental and preclinical studies have demonstrated that MSCs can exert anti-
microbial effects through the secretion of antimicrobial peptides, modulation of immune cell activity,
and regulation of inflammatory cytokine balance [3,4]. In animal models of sepsis and bacterial infec-
tions, MSC therapy has been shown to reduce bacterial burden, attenuate tissue damage, and improve
survival rates [5,6]. This review summarizes current evidence on the antimicrobial and immunomodula-
tory mechanisms of mesenchymal stem cells and discusses their potential clinical applications in the
treatment of infectious diseases.

Introduction

Mesenchymal stem cells are multipotent stromal cells that can be isolated from various tissues,
including bone marrow, adipose tissue, and umbilical cord [1,2]. Due to their low immunogenicity and
immunomodulatory potential, MSCs are considered promising candidates for clinical applications [3].
Over the past decade, increasing evidence has shown that MSCs play an important role in regulating
immune responses and influencing the course of infectious diseases [3].

The growing prevalence of antibiotic-resistant pathogens has limited the effectiveness of conven-
tional antimicrobial therapies and necessitated the development of innovative treatment approaches [1].
Unlike traditional antibiotics, MSCs do not act solely by directly targeting pathogens but rather by mod-
ulating host immune responses and enhancing endogenous antimicrobial mechanisms [4]. Therefore,
MSC-based therapies may represent a novel and complementary strategy for the management of infec-
tious and inflammatory conditions.

Antimicrobial mechanisms of mesenchymal stem cells

The antimicrobial effects of MSCs are mediated through both direct and indirect mechanisms. Di-
rect antimicrobial activity involves the secretion of antimicrobial peptides such as LL-37, B-defensins, and
lipocalin-2, which disrupt microbial cell membranes and inhibit the growth of a wide range of bacterial
pathogens [4,8]. Indirect antimicrobial effects are associated with the modulation of innate immune
cells. MSCs enhance the phagocytic activity of macrophages, promote neutrophil migration, and support
pathogen clearance [5].

Immunomodulatory effects

MSCs play a crucial role in balancing immune responses by regulating the production of pro- and
anti-inflammatory cytokines. They suppress the release of proinflammatory cytokines such as tumor ne-
crosis factor-alpha (TNF-a), interleukin-6 (IL-6), and interferon-gamma (IFN-y), while promoting the se-
cretion of anti-inflammatory mediators including interleukin-10 (IL-10) and transforming growth factor-
beta (TGF-B) [3]. This immunomodulatory capacity is particularly important in severe infections and sep-
sis, where uncontrolled inflammation can lead to tissue damage and organ failure [6].

Experimental and preclinical evidence

Numerous animal studies have demonstrated the therapeutic potential of MSCs in models of bac-
terial sepsis, pneumonia, and wound infections. Administration of MSCs has been shown to significantly
reduce bacterial load, decrease inflammatory tissue injury, and improve survival rates [5-7]. These find-
ings support the concept that MSCs exert both antimicrobial and tissue-protective effects in infectious
disease settings.

Clinical application perspectives

MSCs are currently being investigated as potential therapeutic agents for sepsis, chronic wounds,
burn-related infections, and pulmonary infections [6,7]. Early-phase clinical trials suggest that MSC
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therapy may be safe and beneficial when used as an adjunct to standard antimicrobial treatments. How-
ever, further randomized controlled clinical trials are required to determine optimal dosing, administra-
tion routes, and long-term safety [2].

Conclusion

Based on the analysis of current literature, mesenchymal stem cells represent a promising thera-
peutic approach with significant antimicrobial and immunomodulatory potential [1-3]. Preclinical stud-
ies provide strong evidence supporting their effectiveness in the treatment of infectious diseases [5-7].
Nevertheless, large-scale and well-designed clinical trials are necessary to confirm their clinical efficacy
and establish standardized treatment protocols.
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In developed countries of the world, special attention is paid to the study of secondary metabolites
of bacteria and the use of isolated metabolites in various industries. In this regard, it has been noted that
plants growing under conditions of stress have great potential as a source of bacteria from which rare
metabolites can be isolated. It is important to isolate the metabolites of endophytic bacteria, assess their
composition, classification and biotechnological potential. Below is an analysis of some groups that en-
dophytic bacteria produce to mitigate the effects of stress factors.

Antioxidants. When osmotic and salinity stress occurs, various types of volatile oxygen are formed
in plants. The oxidation of membrane proteins, lipids or DNA is carried out by several enzymes, including
catalase, superoxide dismutase and ascorbate peroxidase. Microorganisms use similar methods to com-
bat oxidative stress. In 2012, Hamilton and colleagues reported the production of volatile oxygen by en-
dophytic fungi in plants [1].

In this regard, studies have shown a correlation between plant tolerance to salinity stress and a
decrease in the activity of antioxidant enzymes [2]. Volatile oxygen species scavengers include superoxide
dismutase, catalase, ascorbate or thiol-dependent peroxidase, glutathione reductase, dehydroascorbate
reductase and monodehydroascorbate reductase, as well as glutathione, ascorbate and tocopherols [3].
They participate in the degradation of volatile oxygen species either directly (superoxide dismutase, cat-
alase, ascorbate peroxidase) or indirectly by regenerating ascorbate and glutathione in the cell. Rodri-
guez et al. (2008) found that the non-symbiotic plant Leymus mollis (sandweed) was severely wilted
within 7 days and died after 14 days when continuously exposed to 500 mmol/L NaCl solution, while
plants treated with Fusarium culmorum were not exposed to 500 mmol/L NaCl solution for 14 days [4].

In another study, experts have proven that the endophyte P. indica increases the amount of anti-
oxidants in barley plants and provides the plant with salt tolerance [5].

Soluble substances. If Na+ and Cl- ions are reduced in the vacuole of a plant cell, organic solutes
that are resistant to metabolic activity even at high concentrations accumulate in the cytoplasm and
organelles to balance the osmotic pressure of the ions in the vacuole. In this case, the compounds that
accumulate most in the cell are proline, glycine-betaine, and sucrose. The accumulation of organic solutes
is an important mechanism for combating osmotic stress, and this phenomenon has also been studied in
halophytes. It has been proven that after endophytic colonization of plants, the amino acid proline, under
the influence of bacteria, increases the plant's tolerance to salinity. However, previous studies, as a result
of experiments with fungi, have noted that the accumulation of proline is not the cause of salinity toler-
ance, but rather a consequence [6]. Osmoregulation can also be provided by carbohydrates (sugars) and
betaines. Osmoregulation by carbohydrates (sugars) and betaines has been studied in mycorrhizal plants,
and the use of these substances has been recommended to increase salinity tolerance [7]. It has been
proven that rice plants can be grown under saline conditions by stimulating the accumulation of high
concentrations of glycine-betaine-like substances by the endophytic bacteria Pseudomonas pseudoalcal-
igenes [8].

Exopolysaccharides. Halotolerant and halophilic bacteria secrete EPS, which are necessary for at-
tachment to the root surface or soil particles. They play an important role in the interaction of bacteria
and microorganisms, in cell association between them, and in protecting plant tissues from the effects
of bacteria, viruses, and protozoa [9, 10]. EPS is involved in stabilizing soil structure and ensuring the
water-holding capacity of soil particles. It has been noted by experts that treatment with halophilic
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bacteria Halomonas, Halobacillus, and Planococcus enhanced the growth of wheat, Sesuvium portulac-
astrum, and pea under saline conditions [11].

Halocins. Halocins are protein bacteriocins produced by extremely halophilic bacteria and archaea.
Halocins are divided into two types: (1) microhalocins (peptides) smaller than 10 kDa and (2) macropro-
tein halocins greater than 10 kDa. Their bactericidal modes of action are broad. In particular, they can
inhibit DNA and RNA nuclease activity, transcription and translation, induce pore formation in the cell,
and cause bacteriolysis [12-14]. Not all halobacteria and archaea are capable of producing specific
halocins. Halocins were first isolated and characterized from Haloferax sp. (Halocin H4). To date, halocins
G1, R1, A2, H6, C8, and A4 have been studied at the molecular level [15]. High-throughput sequencing
methods have shown that halocins have a positive effect on plant traits and increase plant tolerance to
salinity. Bacteriocin thuriengenesis, a bacteriocin 17, produced by the bacterium Bacillus thuriengenesis,
differentially altered the growth characteristics of Arabidopsis thaliana under salinity conditions (200
mM NaCl). Several plant proteins are involved in carbon and energy metabolism, and their activity can
be regulated by bacterial effects, including halocins [16].

Volatile organic compounds and polyamines. Both ROS and endophytic bacterial strains produce
volatile organic compounds that modulate salinity and drought stress and promote plant growth. Inocu-
lation of wheat plants with Bacillus, Pseudomonas, and Halomonas strains resulted in increased plant
biomass, reduced volatiles, and increased photosynthetic rates. Bacillus subtilis strains that produce vol-
atile compounds regulate Na-dependent homeostasis in Arabidopsis thaliana under salinity stress [17,
18]. These compounds are incorporated into proline and chlorophyll and contribute to plant homeostasis
by reducing Na+ accumulation in roots. Polyamines secreted by ROS and endophytic bacteria have a pos-
itive effect on reducing osmotic stress in plants. Studies have shown that inoculation of Arabidopsis tha-
liana with Bacillus megaterium strain BOFC15 increased the amount of polyamines in the plant and
helped reduce osmotic stress [19].
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Introduction. Humanity has historically benefited greatly from plant species. Understanding how
indigenous communities engage in resource use, particularly for healing and therapeutic purposes, is in-
creasingly being explored through scientific research on these plants (1,2,3). Indeed, ethnobotanical re-
search has paved the way for the discovery of synthetic and natural medicines (4,5). In recent times,
many successful drug testing initiatives have been based on ethnobotanical knowledge (6).

The use of plants as traditional medicine is a long-standing practice among the people of Gelan
village, Shahrisabz district, Kashkadarya region, Uzbekistan. This study aimed to determine the diversity
of medicinal plant species, plant parts used, processing methods, and how plants are used as traditional
medicines.

This study focuses on the diversity of medicinal plants, the parts of the plants used, the processing
methods, and their use as traditional medicines in Gelan village (West Hissar region, Shahrisabz district).
This study may become a valuable resource for future ethnobotanical research (7,8).

Results and Discussion. The parts of medicinal plants used were categorized as leaves, flowers,
roots, seeds, fruits, grains, stem bark, stems, and oils. Overall, leaves (42.1%) were the most commonly
used parts in the treatment of diseases in Gelan, followed by roots (21.05%), fruits (12.63%), seeds
(8.42%), flowers (6.31%), stems (5.26%), grains, stem bark, and oils (1.05% each) (Figure 1).
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Figure 1. Plant parts used in folk medicine in Gelan.

The analysis of the relative importance of medicinal plant use was based on the total number of
informants who specifically used a particular plant species. The UV value for medicinal plants in the vil-
lage ranged from 0.00 to 1.00. Based on the number of plant species with UV values up to 1.00 in the
village, 10 plant species with values up to 1.00 were identified in Gelan.

The results of this study showed that the highest UV values in Gelan village were recorded for the
following plant species: Ferula sumbul (0.85), Dianthus caryophyllus and Rhodiola rosea (0.82), Campan-
ula latifolia (0.80). These are followed by Rheum officinale and Rosa canina (0.78), Juglans regia (0.75),
Amygdalus communis (0.73), Ziziphora persica and Rubia tinctorum (each 0.70) (Figure 2).
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Figure 2. Plant species with the highest utility value (UV)

Conclusion. Most informants mentioned several plant parts used for medicinal purposes, including
leaves, fruits, roots, stems, barks, flowers, and seeds. Sometimes, mixtures of different plant parts were
prepared to increase the effectiveness of the treatment.

According to the results of the utility value (UV) analysis, the most commonly used medicinal plants
in folk medicine practice in Gelan were evaluated as follows: Ferula sumbul (0.85), Dianthus caryophyllus
and Rhodiola rosea (0.82), Campanula latifolia (0.80), Rheum officinale and Rosa canina (0.78), Juglans
regia (0.75), Amygdalus communis (0.73), Ziziphora persica and Rubia tinctorum (0.70) (Figure 2). Tradi-
tional healers commonly use these 10 medicinal plants to treat respiratory diseases (cough, bronchitis,
asthma, angina) and hypertension, as well as for the treatment of middle-aged and elderly people. Ac-
cording to the results of the interviews, these plants are usually grown wild or purchased directly from
rural markets.

According to the utility value (UV), the 10 plants with the highest UV were identified as Ferula
sumbul, Dianthus caryophyllus, Rhodiola rosea, Campanula latifolia, Rheumn officinale, Rosa canina, Ju-
glans regia, Amygdalus communis, Ziziphora persica, Rubia tinctorum.
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Abstract

Fast city expansions make city planning harder today. Old ways of thinking — using fixed numbers
and slow predictions - cannot handle shifting problems like clogged roads, harmed nature, wasted space,
or poor service gaps. Here comes artificial intelligence: turning real-time data into smarter town designs
for urban areas.

This piece looks at how artificial intelligence reshapes city planning by using vast amounts of in-
formation, forecasting tools, and self-run advisory platforms. Instead of just listing tools, it focuses on
spaces like moving people around, adjusting building density, tracking nature's health, and handling core
facilities. Tools like machine learning, image analysis, and connected brain-like systems help experts
break down tangled city layouts and test what might come next - better than old-style approaches ever
could.

Looking at past work, the document checks some smart city examples using Al in planning. What
stands out shows what helps and what does not. Focus lands on problems like private data risks, reliance
on tech tools, moral questions, along with gaps between city parts.

Results point toward big chances for smarter cities when Al is used right - clear rules plus people-
first planning matter. So instead of seeing Al replace planners, it works better as a sharp helper for mak-
ing smarter choices about urban growth. Thought of this way, tech assists, does not take over shaping
more livable futures.

Keywords: Artificial Intelligence, Smart Cities, Urban Planning, Data-Driven, Design, Machine
Learning, Sustainable Development, Urban Analytics.

Introduction

Cities are changing fast because people move to them quicker than ever before. Over fifty percent
of everyone on Earth now calls an urban place home, a number likely to climb without stopping. When
city life grows denser and tangled with time, deciding where things go gets harder - roads fill, nature
fades, fairness wavers, movement slows, supplies run thin. Outdated methods - rooted in fixed data, long-
range forecasts, still today's reality - struggle more and more when facing complex city life, where con-
stant change drives outcomes beyond old tools’ grasp.

Facing growing difficulties, cities began exploring new ways to function better. Instead of old
methods, they turned toward digital tools and live data feeds. Technology now helps manage traffic,
energy use, and services without delays.

People feel changes - like cleaner parks or faster help when something breaks. Behind scenes, net-
works track waste patterns or adjust street lighting automatically. Life gets slightly smoother because
systems respond quicker than before [4], [5]. Still, managing bigger and messier city data needs sharper
thinking tools - ones that spot trends, guess what comes next, while guiding key choices. That push led
Al right into the heart of shaping smarter cities.

Computers now handle work once thought only people could do - things like seeing patterns, mak-
ing decisions, solving problems, or understanding language [1], [7].

When it comes to designing cities, tech like pattern-finding machines, brain-inspired circuits, image-
scanning software, and forecast-based tools digs into mountains of info collected by gadgets, space
probes, phones, and government files. Instead of just reporting facts, these systems begin testing possible
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futures - mapping how neighborhoods might grow, adjusting where buildings go, smoothing daily travel
chaos, while reducing harm to nature and air.

1.The key role of Al in smart cities

Artificial intelligence plays a key role in smart cities, acting as a central tool for big data analysis
and automation of urban infrastructure management. It integrates data from sensors, cameras, and loT
devices, providing real-time decision-making to optimize transportation, energy, and security. Central
functions: Al creates digital counterparts of cities, predicting loads and development scenarios, as in the
projects of Singapore, Barcelona, Helsinki. It optimizes traffic, allocates resources, and monitors the en-
vironment, reducing traffic jams and energy costs. Strategic importance Improves the quality of life
through automation of services, healthcare and utilities. Provides stability and safety, including facial
recognition and pollution control. It promotes digital sovereignty and innovation in urban planning.

Now think about how cities are usually planned. This method moves away from oldschool ap-
proaches using only past numbers and rigid blueprints. Real-time details now allow changes as urban life
shifts [5], [9]. Take smart traffic systems —they modify light changes instantly depending on actual traffic
pressure. Meanwhile, forecasting tools hint at future population trends, shaping where buildings go.
When it comes to smart cities, machines backed by artificial intelligence now track things like dirty air or
loud sounds - also how much power gets used. Out of that kind of data,
better long-term planning begins to take shape. What makes Al useful in city design? Its ability to handle
vast, linked datasets. Not just numbers - real-world complexity. Thinking of traffic patterns shifting
alongside rent prices, air quality, job zones, community needs. These forces mix deeply. Old methods fall
short when connections get tangled. Using artificial intelligence helps spot links that are hard to see,
while also creating different versions of how cities might grow. These tools support smarter decisions
over time, because they reduce the risk tied to big city plans made far ahead.

Still, Al helps make planning more shared and inclusive. Using tools like data maps, virtual city
models, or live interactive demos, people involved grasp how choices affect communities. A digital twin -
a real place copied online - lets designers explore different layouts safely in a test space, then apply only
what works later. Cities start seeing clearer results when they put Al into planning tools. This shift helps
assess how new projects affect people, money, and nature - without hiding gaps in reasoning.

When it comes to building design, small choices now shape how cities grow later. Using weather
or traffic info helps plan streets and homes more efficiently. Instead of guessing, algorithms guide deci-
sions about window placement or shared courtyards. These tools adapt as people move through neigh-
borhoods over time. Efficiency often follows when systems learn from real activity. Here, Al shifts from
being just software into something that reshapes how cities are thought about and built.

This work looks at how artificial intelligence supports planning in city areas using data. Instead of
Just theory, it digs into real examples across different areas of city design. Some projects already use
machine learning tools to manage traffic or plan green spaces. By reviewing specific situations where
tech helped decide layouts, patterns emerge about what works. Still, there are downsides like privacy
concerns or bias in algorithms. Even so, progress suggests smarter, more livable cities might come from
such tools. Looking closely at tech and physical space ways people take up Al, the study aims to shed
clearer light on its part in today’s city growth.

2. Literature Review

2.1 Evolution of the Smart City Concept

Over twenty years, what we call a smart city has shifted - shaped by advances in tech, how cities
manage themselves, and what people actually require. At first, the vision mainly linked to embedding
info tech into city systems [4]. Back then, people saw it as using digital grids, sensors, machines to make
urban life smoother: getting around easier, power spread more reliably, help available faster. Often miss-
ing from tech-focused solutions are considerations of how cities actually function - people, places, rela-
tionships come first.

What counts as a smart city changed slowly, moving past just tech fixes. Today’s views put empha-
sis on lasting patterns, community voice, local economies, and daily well-being. Many now see cities as
layered mixes of social and digital elements - where innovation serves real people. Here, smart cities go
beyond tech tools — they show clear planning, care for nature, follow fair rules, and treat everyone fairly.

City life now runs on numbers more than roads. Sensors dot neighborhoods, phones track move-
ments, digital systems store activity across districts [5]. Because of this flood of details, how towns oper-
ate is changing - less about building bridges, instead relying on patterns hidden in digital flows. Decisions
once shaped by engineers walking streets now form through spreadsheets lighting up screens late into
nights.
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2.2 Development of Al Technologies in the Urban Context

Lately, Artificial Intelligence has moved fast because computers are stronger now, more data ex-
ists, yet better algorithms play a role too [1]. Instead of just processing numbers, machines learn patterns
- like spotting objects in photos or forecasting outcomes - thanks to tools like machine learning, deep
learning, along with layered brain-inspired networks. Cities are changing how people live, work, move
because of these shifts.

City planners now rely on artificial intelligence to study vast amounts of information about how
people move, where power flows, air quality, and daily habits unfold.

Instead of guessing, they let software learn from traffic sensor readings plus GPS logs, shaping
forecasts for busy roads by adjusting signal phases on the fly [2]. In a different arena, digital overseers of
energy systems scan household and building usage numbers, adjusting distribution networks so less elec-
tricity vanishes unnoticed.

Cities once planned using paper-based methods now face new insights from artificial intelligence
[7]. Instead of fixed forecasts, systems guess how neighborhoods might expand. These guesses help spot
where crowds could build up over time. Nature too feels shifts - pollution, heat waves, noise shift into
predicted patterns. Cameras and sensors trained on images from space allow faster drawings of city
edges. What was once done by hand or sketchpad now happens without human touch. Now imagine
Alshaping decisions before problems even start. That shift - seen clearly here — turns planning into some-
thing active, forward-thinking, almost reading what comes next.

2.3 Data-Driven Urbanism

City planning shifts when numbers guide decisions. Real-time data replaces old methods based on
past trends or fixed blueprints. Tools like sensors, app usage, and online platforms feed city systems with
live inputs. With these inputs, adjustments happen faster, responses become sharper.

What shapes cities today often passes through artificial intelligence first. Handling vast amounts
of urban information becomes manageable thanks to smart systems [5].

Instead of guessing, decisions now rest on data shaped by machines learning from patterns. People
design places differently when they see how people move, where buildings go, or if air stays clean. Seeing
what comes next gets clearer because models track trends across time and space. Using data helps build
digital twins - online copies of city spaces. These copies pull information from various places, mimicking
how cities work. Simulation tools let city planners explore different futures through trial runs. When
combined with artificial intelligence, virtual models check how ideas might play out in the physical world.

Using modular units cuts dangers while boosting how well cities function under stress. Still, using
data in cities brings fresh problems [9]. Depending too much on digital systems makes people worry about
private information, online safety, and being overly tied to tech. On top of that, when not everyone has
equal digital tools, gaps grow between city neighborhoods. What stands out is how crucial fair and re-
sponsible Al methods have become for planning.

2.4 Existing Research Gaps

Even though more studies come out about smart cities and artificial intelligence, clear gaps still
exist. Most current work looks at technology rollout and system performance, yet how Al shapes city
layout and buildings stays underexamined. What lacks are investigations into whether Al changes neigh-
borhood character, park layout, or daily life inside urban areas [3].

A different missing piece ties to how traditional planning methods connect with artificial intelli-
gence tools. Even though several test programs and proof-of-concept efforts show what Al might do,
studying on smoothly embedding such tech into everyday procedures and legal structures stays rare. Is-
sues around who decides, who is responsible, and how different fields work together still lack clear an-
swers.

Still, talks about ethics tend to stay vague, skipping real-world consequences [8].

Things like algorithmic bias, who owns data, or clear disclosure need closer looks - especially when
city choices shape many lives.

This study tackles those missing pieces by looking at Al - not just as tech - but also as a way to
shape cities. Instead of treating it narrowly, it explores how Al fits into real planning work. Its effects on
architecture are considered alongside what it might do for green, fairer urban futures.

3. Methodology

Looking at cities with smart tech, this work uses qualitative methods to explore how artificial in-
telligence shapes planning decisions based on data. Because city design involves many fields of
knowledge, the research blends idea discussions, examples across places, and close-up studies to grasp
how Al fits into real-world city blueprints [7], [8].
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A look begins with checking past studies on smart cities, how Al uses city data, and digital man-
agement. Books, journal pieces, and official reports got examined to spot dominant ideas, tech shifts,
and missing pieces. This part sets the thinking base for the work while tracing how Al grew in city design
decisions.

Next comes sorting and analyzing Al tools within major city planning areas like traffic networks,
zoning rules, tracking nature changes, and handling public works.

Because these topics fit well with digital urban design and real-world Al use cases, they were cho-
sen for study. Within every field examined, attention goes to what kind of artificial intelligence gets de-
ployed, what kind of information gets used, along with results seen in how cities function.

In stage three, real-world examples are studied through case analyses. Cities that used artificial
intelligence in city planning are looked at closely to see how well it worked. For this review, places were
selected based on clear standards. Those cities fit specific research needs around effective tech integra-
tion.

1. Documented use of Al technologies in planning processes,

2. Publicly available data or reports accessible to everyone

3. How it fits into sustainable and big-city urban growth.

Looking at multiple examples side by side helps spot what works alike and what stands apart
across projects. This method also reveals which approaches hold up well and where methods fall short.
Comparisons reveal both useful patterns and tricky issues tied to using artificial intelligence in real set-
tings.

Looking at how well Al works in city planning, the study uses things like whether processes run
smoother, greener solutions grow stronger, flexibility increases, decisions become clearer, and more peo-
ple feel included. Even though some numeric measures are mentioned now and then, the main goal lies
elsewhere - in seeing how deeply Al changes planning's shape and direction instead of building math-
heavy forecasts.

Looking back, the work recognizes a few drawbacks. With fast changes in Al, certain setups could
be early trials instead of complete solutions. On top, getting clear technical information might differ
between cities, which could shape how thoroughly results are compared.

4. Applications of Al in Urban Planning

Out in city planning today, Artificial Intelligence plays a key role - especially in smart cities. With
help from real-time and past data, big and small, systems get broken down faster. This lets those who
plan cities see what works, adjust on the fly, leave less waste behind. From roads to zoning rules, even
green spaces and water networks, algorithms quietly shape decisions now. In every of these fields, artifi-
cial intelligence turns old-fashioned forecasting into sharp, fact-based predictions.

4.1 Al in Transportation and Mobility

What moves cities often leaves behind piles of digital trail. From the rhythm of daily commutes to
where buses go and how people walk, loads of data pile up. Artificial intelligence doesn’t just swallow it
- it makes sense of it. Patterns in road use reveal bottlenecks before they happen. Traffic lights adjust on
their own when learning models track real-time demand. Paths through busy zones shift smarter with
algorithms that map human behavior.

Traffic lights change on their own using live info from sensors, cameras, and GPS tools - no fixed
plan. Because adjustments happen second by second, roads stay less crowded and trips take shorter
walks across town. Less driving around searching for open lanes means fewer gallons burned mid-fuel
tank. Public buses and trains lean into artificial intelligence now, spotting how many travelers might
show up next hour.

Scheduling shifts follow those guesses without delay, smoothing daily movement through crowded
neighborhoods. Take traffic patterns during busy times — knowing when people travel helps change how
often buses run, making trips smoother while using fewer vehicles.

On top of that, artificial intelligence helps shape independent and partly automatic transportation
setups. Computer vision, along with neural networks and combined sensor data, guides self-driving cars
through crowded city streets. Even though complete autonomy hasn’t yet arrived, smart mobility systems
powered by machine learning are starting to shape choices in building roads, managing parking, and
organizing traffic flow.

4.2 Al in Land Use Optimization

What happens on the ground depends heavily on how cities are planned. Instead of fixed rules
based only on numbers and forecasts, new methods now consider real-time patterns in where people live,
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move, work, and play. By digging into vast amounts of information about housing density, travel behav-
ior, job markets, and nature's limits, artificial intelligence helps shape smarter environments.

Out in the field, computers spot shifts in where people live, opening views into where things might
go next. When city designers try out various rules about building use, tools quietly check traffic loads or
strain on services. Imagine changing a whole neighborhood’s layout - software runs numbers on nature,
movement, resource pulls.

Say you boost homes near centers - models show heat, transit needs, soil shifts before decisions
harden.

Out here, artificial intelligence backs up smart planning methods. When you set up space, sur-
roundings, and community factors, algorithms shift into gear — offering varied designs on the fly. Each
option pops up, tested against standards like ease of access or power use. Quality of shared outdoor areas
gets checked too, no matter the route taken. Because of this change, artificial intelligence helps shape
smarter land uses - ones that shift easily when cities evolve.

4.3 Al in Environmental Monitoring

One key goal of smart cities ties back to nature's balance. City life brings tough conditions on
earth's systems - smoke in the air, sweltering streets, constant sounds, power that wastes. Tools built
from artificial intelligence help track, study, then steer these pressures toward better outcomes.

From cities wide, data flows through sensors powered by artificial intelligence. Air purity, heat
waves, moisture levels, sound volumes - each tracked in real time. Out of vast streams of information,
hidden trends begin to show themselves. Patterns emerge where before there were only guesses. Predic-
tions take shape not through rules but through repeated learning. Unknown emissions can now be traced
back to specific places. Risks that once went unseen start to surface with clarity. Take forecasts, where
machines guess when dirty air might hit - using storms, roads full of cars, factories. Sometimes they spot
it coming.

On top of that, artificial intelligence helps save energy in structures along with city planning ele-
ments. Energy distribution shifts smoothly when smart grids apply machine learning methods - this cuts
down excess consumption while boosting performance. Heating, cooling, and lighting shifts occur inside
buildings once managed by Al learns who is present and what the skies hold. These tech tools help cut
energy use while shrinking pollution output.

When cities adjust their layout using climate insights, artificial intelligence plays a role. Instead of
guessing, planners now examine real-world weather patterns through smart algorithms. These systems
suggest where trees might help cool streets, which direction buildings face to catch breezes, or what
materials reduce heat absorption. Decisions once based on assumptions shift toward data-driven sugges-
tions. Urban spaces become more adaptable, resilient, and energy-aware when guided by such digital
tools.

4.4 Al in Infrastructure and Public Services

What holds a city together? Its pipes, trash routes, power lines, and shared spaces. These pieces
run nonstop, needing steady oversight. With smarter tools now available, patterns can be spotted ahead
of time - guiding choices without human delay.

Ahead of breakdowns, cities gain by spotting issues early through smart tracking.Instead of wait-
ing, systems watch sensor signals from roads, bridges, pipes, and power lines using artificial intelligence
tools. Patterns noticed by these algorithms reveal subtle damage long before it causes trouble. When
problems arise later, repairs tend to cost less and stop less service overall.

From trash piles to smarter cities - artificial intelligence now helps run waste systems. Bins with
built-in sensors track how full they are, sending real-time data to artificial intelligence networks that
adjust pickup schedules on the fly. Less driving around means lower emissions, less fuel used, and
trimmed budgets for municipalities. Just like that, machines learning how people handle water might
catch leaks while tracking what gets used each day. Sometimes they even adjust where and when water
flows.

When it comes to public service, artificial intelligence helps cities stay safer during crises. Footage
from cameras gets scanned by smart software that spots odd behavior, crashes on roads, or too many
people in one place. Instead of reacting late, rescue teams lean on data-driven forecasts built into algo-
rithms designed to flag dangerous zones ahead of time.

What stands out is how Al helps build digital platforms for city management. These tools pull
together information from different city services, letting officials track key metrics while handling prob-
lems as they happen. Thanks to automated analysis, government operations become faster, clearer, and
more alert to change.
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5. Case Studies of Smart Cities

Picture a city where traffic flows through machine learning algorithms. Real towns already show
how this works - not always smoothly. Some use computer models to plan parks; others let crowdsourced
ideas shape road construction. Each example reveals both gains and hiccups in using numbers to shape
neighborhoods. What stands out is not the tech itself but the choices made across varied urban experi-
ments.

5.1 Singapore: Al-Driven Urban Management

Known for its forward thinking, Singapore stands among the top smart cities globally. Within this
city-state, artificial intelligence supports key areas like mobility, urban zoning, pollution tracking, and
government operations. A broad digital plan drives these efforts through the Smart Nation program. A
major part of Singapore’s method involves creating a digital duplicate called Virtual Singapore. This 3D
dynamic model pulls together geospatial details, natural surroundings, and built systems to mimic city
life. Using artificial intelligence, patterns in how people move, live density levels, and power use get stud-
ied inside the system. Because of this setup, city designers can explore future plans safely, ahead of actual
construction. Take city planning - models today might check how fresh skyscrapers shift air movement,
light reach, or road usage.

Out on the roads, artificial intelligence digs into live traffic updates to adjust traffic signals for
better flow. In cities with homes, number crunching shapes where new buildings go based on population
patterns and income levels. What emerges is a way forward for long-range living spaces, guided by solid
insights from social and demographic information. What stands out about Singapore is the way central
planning meets robust digital systems, shaping thoughtful uses of Al within city design.

5.2 Barcelona: Data-Driven Urban Services

Barcelona shapes its smart city approach around shared control and community voice. Instead of
central authority, tools like artificial intelligence track traffic patterns or manage waste disposal. Data
streams flow into systems that adjust street lighting based on real-time use. Efficiency grows quietly
through smarter transportation routing during peak hours. From sensors across the city, Barcelona gath-
ers live information about roads, trash levels, streetlights, and air quality through connected devices.
Instead of fixed schedules, trash trucks now follow routes guided by sensor data on how full containers
are - cutting expenses while lowering pollution. On busy walk paths, smart lamps shift their glow levels
automatically, using less power when fewer people move by.

Barcelona pushes open data so people can look up city records easily. Because of that, scientists
and regular folks get real access to numbers about how the town runs.Seeing what's inside helps shape
decisions together with neighbors and thinkers alike. Even though artificial intelligence gets used more
through local offices than in one main hub like in Singapore, it shows a way forward - where tech guides
fairer choices in city life.

5.3 Helsinki: Al and Participatory Urban Planning

In Helsinki, planning takes shape through shared decisions paired with artificial intelligence. Tools
rooted in data analysis help city officials test zoning rules while exploring climate solutions. New building
projects are reviewed using smart simulations that measure environmental impact - things like power
consumption and pollution output.

In Helsinki, artificial intelligence shapes how people move around town. One example is how Maa$S
platforms use travel data to connect different modes of transport. Public buses, bike rentals, or ride hail-
ing come together through one digital interface. Because of this, fewer rely on solo driving each day.
Cities like this see smarter ways to get places without more pollution.

5.4 Comparative Analysis

One thing stands out across the examples - how decisions get made differs each time. In Singapore,
control rests tightly within state structures, tied closely to digital infrastructure. Al lives alongside long-
term national strategies there. Barcelona takes another path, centering services around people while
keeping outcomes visible and environmentally aware. Helsinki shows how Al works alongside community
input while adapting to environmental needs.

Despite contextual differences, several common patterns emerge:

1. Heavy use of city data on a big scale

2. integration of Al into mobility and infrastructure systems

3. emphasis on sustainability and efficiency

4. step by step growth of digital governance platforms
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Still, every example brings up issues like privacy concerns, ongoing expenses, and reliance on tech.
Whether artificial intelligence works well in city design isn’t just about tools - it ties back to rules, faith
in systems, and human judgment.

6. Advantages and Challenges of Al in Urban Planning

Cities might work better when artificial intelligence plays a role in planning. Yet problems pop up
- some tied to code, others rooted in how people feel about change.

What helps? Seeing what Al can do alongside what it cannot. That balance shapes smarter, fairer
urban designs down the road.

6.1 Advantages of Al in Urban Planning

What makes Al useful is how well it handles massive, tangled datasets. Cities today flood systems
with information - sensors, phones, traffic logs, government files never stopped before. Old-style plan-
ning usually stumbles when faced with that flood. Using machines to learn from data helps spot what
goes unnoticed at once. When information flows fast through systems built for that job, hidden shapes
begin to show up clearly. People who plan gain sharper insight because of it. Decisions get better when
they rely on what the numbers actually say.

One of the key benefit is predictive insights. Urban expansion, road congestion, power usage —
even nature’s balance — can be forecast using artificial intelligence. By seeing what might come, officials
prepare for challenges ahead. Prevention takes shape before crisis does. Take traffic forecasts powered
by artificial intelligence — these could guide changes to city layouts while shifting bus routes ahead of
gridlock spikes.

Cities now rely on smarter infrastructure thanks to artificial intelligence. Energy grids adjust in
real time, while water networks and trash pickup learn from data patterns. Predictive checks keep sys-
tems running longer without breakdowns.

Efficiency grows quietly, cutting expenses while boosting trust in public services. Environmental
harm shrinks as a result across urban cores. On top of that, artificial intelligence backs up real-world
planning scenarios. Through testing various growth paths, software models let professionals explore how
each choice might play out. Less unknown factors creep in when predicting outcomes becomes clearer.
As a result, working versions of better ways forward stand out more easily. Using digital twins helps too
— these virtual setups let teams try out plans without causing harm later. Testing happens inside simu-
lated spaces ahead of actual deployment.

A key advantage is stronger public involvement. Tools powered by artificial intelligence turn plan-
ning data into clear, dynamic visuals — easier to share with community members. These interfaces help
people see what new developments might look like, spot differences between options, then join conver-
sations around decisions in real ways. What stands out is how decisions become clearer and involve more
people in city management.

6.2 Challenges and Limitations

Even with benefits, putting Al into city design isn’t without hurdles. A major concern? Not enough
good data. Machines need lots of correct, current details to work. That kind of input often falls short.
When data feels old, misses key points, or shows one-sided views, model outcomes might miss the mark
- this messes with strategy down the line. In certain urban areas - particularly those still building tech
foundations - weak digital backbone weakens what artificial intelligence can do.

Security around personal data stands out as a top issue. City tech platforms depend on ongoing
tracking of how people move, travel, and use energy. If rules stay weak, private details could be put at
risk. That kind of information opens doors to unwanted watching plus digital threats.

One issue lies in algorithmic bias. Learning happens through data, often shaped by past social pat-
terns or outdated designs. When these backgrounds are baked into training sets, outcomes can tilt with-
out warning. Systems might sort neighborhoods unevenly. Services could appear out of reach for certain
groups. Decisions may reflect hidden slants instead of fairness. Fixing these problems means picking good
data, keeping algorithms clear, while people always watch them.

What worries people too is how much cities lean on tech. If smart systems break down or stop
working, places that depend on them could struggle. Even more, when new versions arrive, older ones
might need costly updates just to keep running. Building and keeping up with Al tools takes big money
and skilled workers. Not every town has that kind of support behind it.

What happens next depends heavily on who makes choices behind closed systems.

Automated tools now shape how cities unfold, yet answers about their effects stay out of reach.
When complex software drives decisions, tracking cause and effect grows messy over time. Without clear
oversight, mistakes in city design might stick around longer than expected. Decisions once visible now
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hide inside layers few can touch. Accountability slips when processes become too automatic. Outcomes
matter less if nobody knows why they occurred. Hidden logic quietly reshapes public spaces without pub-
lic input. Without transparency, errors in city planning could last longer than expected. So, Al might help
instead of taking over when people plan and make choices together. It serves better when used to assist,
not erase, human roles in governance.

7. Future Prospects of Al in Urban Planning

City planning with artificial intelligence depends on growth within digital systems, computing
tools, and connected data networks. When cities link up more tightly using internet-connected devices,
fast wireless tech, and online storage platforms, they will gather far more varied and extensive infor-
mation. Because of this shift, smart software will handle complex tasks with greater accuracy while
making choices swiftly in real moments.

A fresh path opens with the growth of all-in-one urban digital twins. Right now, most digital sys-
tems target single areas like traffic or power grids. Later on, they'll weave together nature, people,
money, and space details into one shared network. These smart twins powered by artificial intelligence
could test how cities might grow, check weather toughness plans, then fine-tune public works spending
- better, slower, stronger. These setups could help shape city plans that shift and grow, guided by live
information.

A different key trend involves city planning adjusted for climate shifts. Because global warming
grows stronger, urban areas face hotter temperatures, intense storms, and limited resources. Machines
learning patterns help forecast weather patterns across entire cities, giving designers sharper tools. They
might shape parks smarter, plant trees where they count, and cut pollution output without traditional
fixes. One day, artificial intelligence could help pick what buildings are made of. It might also figure out
how packed city areas should be while cutting down energy waste. Instead of guessing, it learns patterns
to make whole neighborhoods run smoother.

Now imagine design systems talking to each other in ways they never did before. When structure
data meets enerqgy outputs, machines begin shaping cities nobody saw coming. Instead of sticking to old
layouts, algorithms mix traffic patterns with climate needs on the fly. This shift opens doors where rules
bend without losing safety or efficiency. Cities grow not from templates but from patterns hidden inside
numbers that adapt fast.

When it comes to decision making, new tools using artificial intelligence might help people take a
more active role in shaping cities. Instead of just observing change, residents could explore different fu-
tures through dynamic displays or live-like visuals. These systems would let individuals interact closely
with ideas about how neighborhoods might evolve. By processing comments from locals, smart algo-
rithms may uncover what matters most to communities. Trends that were once hard to notice might
become clearer over time through such automated insights. A shift like this might help shape choices
that feel fairer, less exclusive.

Still, cities using more Al need clearer rules and moral guidelines. When algorithmdriven designs
start reshaping neighborhoods, openness, responsibility, and safe data handling should come first. Global
consistency plus teamwork across fields might make sure tech progress doesn’t ignore fairness or na-
ture’s balance.

What happens next with Al in city design doesn’t just come from better tools - it also hinges on
how strong institutions are, along with whether people believe in them. Places that build skills in tech,
support transparent data sharing, and apply ethics into decisions tend to make smarter use of smart
algorithms.

8. Conclusion

Looking back, the study focused on how artificial intelligence supports city planning using data,
especially in smart city settings. With cities becoming more intricate, old methods often fail when dealing
with shifting demands around transportation, zoning, resources, and nature care. Tools powered by Al
help professionals analyze vast amounts of information quickly, explore what might come next, while
adjusting city functions on the fly.

From roads to rain sensors, change hums beneath everyday systems. Think of how Singapore han-
dles traffic - not by guesswork but patterns learned from smart signals. In Barcelona, planners lean on
crowd patters shaped by open tools anyone can tweak. Helsinki goes further, feeding green spaces into
city grids where trees compete with traffic stats for attention. Each place runs on invisible threads pulled
by machines that process what humans once calculated by hand. Watch closely: sidewalks adapt to
phone data, parks respond to air quality logs, bridges learn stress levels from weight records. This isn’t
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tomorrow - it’s now reshaping decisions grounded not in hunches but patterns stored across servers hum-
ming under streets.

Still, the study points out major hurdles - poor data accuracy, personal privacy risks, built-in algo-
rithm flaws, reliance on tech systems, and management problems. Because of these issues, people must
stay involved in overseeing how Al helps plan cities, ensuring ethical choices remain part of the process.
Instead of taking over from city designers, artificial intelligence could act as a tool to guide decisions,
strengthening what experts already know and how they think ahead.

City planning might lean heavily on digital replicas by 2025, using artificial intelligence to forecast
heat waves and storm surges. Instead of traditional blueprints, designers could rely on algorithms that
reshape streets and towers on the fly. Decision making at the neighborhood level may shift toward online
forums where residents help shape rules through shared discussions. When guided carefully, these tools
could balance traffic flow, green spaces, and fair access to resources across districts.

Still, Artificial Intelligence shapes how smart cities are changing - though it brings both power and
confusion. For it to work well, cities must weigh machine learning against real human needs, rules that
apply, and teamwork across different fields. When tech advances match long-term city goals, places
might grow into livelier, sharper, fairer spaces.
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Abstract

Innovation represents a fundamental driver of economic growth, competitiveness, and sustainable
development, particularly in transition economies. Albania, as a developing country with a strong agri-
cultural profile, faces structural, institutional, and technological challenges that influence innovation
performance and adoption rates. This paper analyses the current state of innovation in Albania, focusing
on adoption trends, digitalisation processes and innovation performance indicators. The study applies a
qualitative and analytical review approach supported by empirical data and international comparative
literature. Findings indicate moderate progress in innovation adoption, particularly among enterprises,
while agricultural innovation and digital transformation remain limited due to fragmented farm struc-
tures, low investment in research and development, and institutional constraints. The study highlights
the importance of strengthening innovation systems, improving policy frameworks, and enhancing col-
laboration between academia, industry, and rural communities. The results contribute to the discussion
on innovation-driven rural development and provide policy recommendations for strengthening Albania’s
innovation ecosystem.

Keywords: innovation adoption, digital agriculture, innovation systems, Albania, rural development

1. Introduction

Innovation is widely recognized as a central factor influencing economic development, productivity
growth and sustainable competitiveness across sectors. According to the Organisation for Economic Co-
operation and Development (OECD), innovation includes the implementation of new or significantly im-
proved products, processes, marketing methods or organisational practices (OECD, 2018). Innovation is
particularly relevant in agriculture and rural development, where technological progress and knowledge
transfer contribute to improved productivity, resource efficiency and environmental sustainability (FAO,
2018).

Innovation development in Albania faces significant challenges and unique adoption patterns in-
fluenced by various socio-economic and regulatory factors. As Albania seeks to bolster its innovation
landscape, it is important to examine the challenges, adoption dynamics, and the associated policy per-
spectives that shape the development of innovation.

Albania's innovation sector is constrained by several factors, notably regulatory barriers, infra-
structural deficits, and cultural attitudes towards innovation. A study on renewable energy highlights
the complexity of navigating regulatory barriers that often stifle innovative capacity (Oduro et al., 2024).
Such barriers include outdated policies and conflicting regulations, which are prevalent in many sectors,
including technology and energy. The absence of a cohesive legal framework can inhibit investment and
limit the potential for technological advancement (Nwokolo et al., 2024, Igbinenikaro & Adewusi, 2024).

Furthermore, the transition to a digital economy, as noted by Hoxhaj and Halilaj, illustrates the
pressing need for reforms in digital governance to align with European Union standards (Hoxhaj & Halilaj,
2025). The authors argue that while Albania's digital transformation is progressing, legal and policy chal-
lenges related to e-governance, cybersecurity, and digital inclusion significantly impact innovation diffu-
sion. The deployment of social media within the agricultural sector facilitates significant advancements
in communication, knowledge dissemination, and community engagement. By connecting farmers to re-
sources and to each other, social media supports the modernization of agricultural practices and en-
hances the potential for collaborative, sustainable development within rural territories. (Minga, A. et al.,
2025).

The adoption of innovative solutions in Albania may reflect a cautious yet gradual process, influ-
enced by various external and internal factors. Drawing from case studies of agricultural innovation,
Salavisa et al. suggest that social and institutional innovation plays a critical role in the adoption of new
technologies, particularly in sectors like agribusiness (Salavisa et al., 2021). The study identifies key fac-
tors such as supportive policy measures and networked collaborations among producers that positively
influence the diffusion of innovations.
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Nevertheless, the complexities of adopting new technologies are compounded by the lack of ade-
quate technology dissemination strategies highlighted in the context of renewable energy (Nwokolo et
al., 2024). This illustrates a broader theme within Albanian society where innovative practices encounter
resistance due to ingrained cultural attitudes towards risk and change.

To foster an environment conducive to innovation, Albania's policymakers need to adopt a multi-
faceted approach that encompasses regulatory reform, investment in education, and the establishment
of supportive infrastructure. The successful implementation of reqgulatory reforms is crucial for address-
ing the identified barriers to innovation. For instance, global perspectives on FinTech suggest that com-
prehensive regulatory frameworks are essential to balance consumer protection and operational flexibil-
ity (Xu & Da-wei, 2020, Igbinenikaro & Adewusi, 2024)).

Additionally, drawing from innovative practices observed in other regions, it is evident that estab-
lishing regional support structures can enhance innovation processes. Hofman and Bruijn emphasize the
importance of aligning regional support mechanisms with the needs identified within firms, which can
facilitate a smoother transition towards innovation adoption (Hofman & Bruijn, 2010). Policymaking that
incorporates stakeholder engagement and feedback mechanisms can help tailor strategies that are re-
sponsive to the local context.

Developing economies often face structural barriers that limit innovation adoption, including in-
sufficient institutional support, limited financial resources and weak knowledge transfer mechanisms.
Albania reflects many of these characteristics, as its economic structure is strongly influenced by small-
scale agricultural production, limited technological integration and moderate investment in research and
development activities. Studies emphasise that small farm structures and fragmented land ownership
significantly influence the adoption of innovative technologies and practices (Diao et al., 2023).

International reports such as the European Innovation Scoreboard highlight disparities in innova-
tion performance among European countries, particularly between EU members and candidate or tran-
sition economies. Albania continues to demonstrate relatively low innovation performance compared
with European standards, indicating the need for improved policy coordination, investment strategies,
and institutional capacity building (European Commission, 2023).

Innovation development in Albania is significantly shaped by its unique challenges, adoption pat-
terns, and policy frameworks. Addressing regulatory hurdles, fostering a more conducive innovation cul-
ture, and reforming existing policies while learning from international experiences can pave the way for
sustainable innovation growth in Albania. By recognizing these interconnected domains, Albania can en-
hance its innovation landscape and align with broader European and global standards.

The purpose of this study is to analyse innovation development in Albania, with particular emphasis
on adoption trends, digital transformation processes and structural barriers affecting innovation perfor-
mance. The study aims to contribute to the academic and policy debate on innovation-driven develop-
ment in transition economies.

2. Methodology

This research applies a qualitative analytical approach based on literature review and secondary
data analysis. The study combines theoretical perspectives on innovation systems with empirical data
related to innovation adoption and performance indicators in Albania.

The literature review includes international academic publications, institutional reports and policy
documents related to innovation systems, digital agriculture and innovation adoption models. Sources
include OECD innovation frameworks, FAO agricultural innovation studies and European Commission
innovation performance reports.

The methodological approach follows a comparative analytical framework that examines innova-
tion performance indicators, including enterprise innovation activity, digitalisation levels and agricultural
innovation adoption patterns. The research integrates theoretical frameworks such as the Agricultural
Innovation Systems (AIS) model, which emphasises interactions among stakeholders, including research
institutions, government agencies, private enterprises and rural communities (World Bank, 2012).

Secondary data analysis is used to evaluate innovation activity trends in Albania, focusing on en-
terprise innovation rates, financial support mechanisms and technological adoption levels. The study also
evaluates structural and institutional barriers influencing innovation performance, including governance
structures, financial accessibility and knowledge transfer limitations.

3. Results and Discussion

3.1 Innovation Adoption Trends in Albania

The analysis indicates a gradual improvement in innovation activity among Albanian enterprises.
Recent data show that approximately 42.9% of enterprises engaged in at least one innovation activity
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during the 2020-2022 period, demonstrating increased innovation engagement compared with previous
vears

Enterprises engaged in innovation activities show improved employment growth and increased net
sales, confirming international findings that innovation contributes directly to economic productivity and
competitiveness (OECD, 2018). However, research and development investment remains limited, with
only a small percentage of innovative enterprises receiving public financial support or fiscal incentives.

Comparative analysis using European Innovation Scoreboard indicators demonstrates that Albania
remains classified among moderate or emerging innovators, reflecting gaps in research infrastructure,
digital skills development and institutional innovation capacity (European Commission, 2023).

3.2 Digitalisation and Agricultural Innovation

Digital transformation represents a critical dimension of innovation development. Digital technol-
ogies such as precision agriculture, data management systems, and smart irrigation techniques have
demonstrated significant productivity and sustainability benefits globally (FAO, 2018).

Despite the lack of technological infrastructure in some areas, the interest of young people in pur-
suing careers in the fields of multimedia and digitalization is high, signaling the need for modernization
of curricula, expansion of practical opportunities, and the establishment of special laboratories in univer-
sities and schools in non-urban areas. (Minga, A. et al., 2025).

However, the adoption of digital agricultural technologies in Albania remains relatively low. Struc-
tural characteristics such as fragmented farm ownership, limited financial access, and insufficient exten-
sion services limit technological diffusion. Small-scale farmers often face high investment costs and lim-
ited access to knowledge transfer networks, which reduces innovation adoption capacity.

International literature emphasizes that effective agricultural innovation requires integrated
knowledge systems and collaborative platforms connecting farmers, research institutions and policy-
makers (World Bank, 2012). The absence of fully developed Agricultural Innovation Systems remains a
key barrier in Albania.

3.3 Institutional and Policy Barriers

Innovation development is strongly influenced by policy frameworks and institutional governance.
Albania demonstrates progress in establishing innovation-supporting institutions and strategies; how-
ever, coordination among stakeholders remains limited. Public funding for research, extension services
and innovation programmes is relatively low compared with European benchmarks.

Studies indicate that successful innovation systems depend on strong institutional networks, finan-
cial incentives, and collaborative governance models. The limited participation of enterprises in innova-
tion funding schemes suggests the need for improved policy implementation and increased accessibility
of financial instruments.

3.4 Social Innovation and Rural Development

Social innovation represents an important dimension of rural development, particularly in transi-
tion economies. Social farming and community-based innovation models contribute to employment gen-
eration, social inclusion and sustainable resource management.

International experiences demonstrate that social innovation strengthens rural resilience and im-
proves community participation in development processes (Baglioni & Sinclair, 2018). Albania shows
emerging examples of social innovation, but scaling and institutional support remain limited. Territorial
innovation systems include mutually connected enterprises in certain sectors, appropriate suppliers, and
the service sector, as well as a series of supporting institutions. (Minga, A. et al., 2023).

4. Conclusions

Innovation development in Albania demonstrates gradual progress but remains constrained by
structural, financial, and institutional challenges. Enterprise innovation activity has increased, indicating
growing awareness and capacity for innovation-driven growth. However, agricultural innovation and dig-
ital transformation remain limited due to fragmented production structures and insufficient knowledge
transfer mechanisms.

The study confirms that strengthening national innovation systems is essential for improving inno-
vation adoption and competitiveness. Policy interventions should prioritise investment in research and
development, digital infrastructure, and capacity-building programmes for farmers and enterprises.

Furthermore, enhancing collaboration among universities, industry, and rural communities is criti-
cal for promoting innovation ecosystems. Social innovation models should be integrated into rural devel-
opment strategies to improve inclusiveness and sustainability.

Future research should focus on empirical evaluation of innovation adoption models and the role
of digital transformation in supporting sustainable rural development in transition economies.
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Abstract

The article examines a group of glazed ceramics from the Seljuk period (12th — early 13th centu-
ries), decorated with representations of even-toed ungulates (gazelles, antelopes, and rams), originating
from archaeological contexts in Azerbaijan. The study is based on morphological, technical-technologi-
cal, comparative-typological, and iconographic methods. Particular attention is paid to the characteris-
tics of the underglaze painting technique, the methods of sgraffito engraving on slip, and the stable sty-
listic features of the zoomorphic imagery. It has been established that the images of even-toed ungulates
constitute not a random decorative element, but a consistent iconographic formula rooted in the artistic
canon characteristic of the Seljuk period. The examined group of ceramics is interpreted as a product of
urban craft workshops oriented toward prestigious consumption and as an important source for the
study of the artistic, cultural, and symbolic representations of medieval Azerbaijan.

AHHOMAayus

B cmamsbe paccmampusaemcs 2pynna 2/1a3yposaHHol Kepamuku cesiboxyKkcko2o nepuoda (XIl —
Hayasno Xl 88.), yKkpaweHHoU u306pa)eHusmMu NAapHOKONbIMHbIX XCUBOMHbIX (2asenel, aHmusion,
b6apaHos), Npoucxo0awWas u3 apxeosao2uqeckux Komnaekcos AsepbalioxaHa. MiccnedosaqHue onupaemcs
Ha mopgonoeudeckud, MexHUKo-mexHoa02u4eckud, CPABHUMe IbHO-MUNOJI02U4eCcKUl u
ukoHozpaguyeckull memoobl. (Ocoboe BHUMAHUE Yyoensemcs Xdpakmepucmuke —mexHosao2uU
nodesiazypHol pocnucuU, NPUEMam 2epasupoBKU NO aHeoby U YycmodyuBbIM  CMUIUCMUYECKUM
0C06EHHOCMAM 300MOPGHBIX U306paX3ceHUl. YCmaHoB1eHo, 4mo 06pasbi NAPHOKONbIMHbBIX HUBOMHbIX
npedcmassigrom cobol He c/y4aliHbitl 0ekopamuBHbIl 31emeHm, a YCmoU4yuByro UKOHO2PAdUHYECKYHo
dopmys1y, YKOPEHEHHYH B XYOOXECMBEHHOM KAHOHe XApAaKkmepHbIM 0Ji1F Ce/ibOXKCKO20 Nnepuodd.
Paccmampusaemasi epynna Kepamuku UHmepnpemupyemcss Kak npoodyKm 20POO0CKUX pemMeC/ieHHbIX
MACmMepCKUx, OpUeHMUPOBAHHbLIX HA NPecmuxHoe nompebrieHue, U Kak BaXcHbIU UCMOYHUK O/
U3y4YeHUs: XYOOXECMBEeHHbIX, KyJbMYPHbIX U CUMBOJIUYECKUX npedcmasneHull CpedHeBeKoBo2o
A3epbatioxaHa.

Keywords: glazed ceramics; Azerbaijan; zoomorphic representations; even-toed ungulates; under-
glaze painting; artistic traditions of the Seljuk world.

Knroyesble cno8a: 271a3ypoBaHHas Kepamuka, A3epbalioxaH, 300MOpPQHble U306paxeHus;
NAPHOKONbIMHbIE XUBOMHbIE, N002/IA3YPHAS POCNUCH, XYOOXECMBEeHHbIe MPAaduyuuU CesibOXCYKCKO20
mupa.
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B KoHmMeKcme u3sy4eHuss MamepuasibHol Ky/ibmypbl Ce/IbOMXYKCK020 nepuoda 8 Azepbatioxcare (XII
— Hayasno Xl 88.) 271a3ypoBaHHAS KEpaMuKa ¢ NOUXPOMHOU NOO 21a3ypHOU pOCNUCHHO 3aHUMaem ocoboe
Mecmo Kak UHOUKAmOp BbICOKO20 YPOBHS MEXHO/I02UYeCKo20 passumus, UHMEHCUBHbIX MOP20BO-
KY/IbMYPHbIX KOHMAKMOB U CHOPMUPOBABLIUXCS 3CMemuYyeckux npedcmassieHud 3noxu. B pamkax
2Mo20 06WUPHO20 KoMNekca ocobbili UHmMepec npeocmassigem epynna Cocyoos C 300MOPPHbIMU
U306paXceHUsIMU, AB/AWAACS 00HUM U3 Haubosiee COXCHbIX 0719 UHMepnpemayuu naacmos
apxeos102u4ecko20 Mamepuasna u Haxo0suiasicsl Ha CMbiKe pemMecsieHHoU NPakmuKu, XyooxecmBeHHO20
KaHOHa u cumsosiudeckux npedcmassieHull cpedHesekoso20 obuwecmaa (7). B Hay4Hod sumepamype
BONPOChI 300MOPPHOU UKOHO2paguu B UCKYccmBe biuxcHe20 Bocmoka u conpedesibHbIX pe2uoHoB
MPAaduyUOHHO PACCMampuBaIUCh NPEeuMylecmBeHHO HA Mamepuase MOPeBmMuUKU, MeKCMmuUas U
MOHYMeHMAJ/ibHo20 UCKYCCMBA 00UC/IAMCKO20 U PAHHEUC/IAMCKO20 BPeMeHU. V1306paxceHust #UBOMHbIX
Ha Memasnauyeckux cocydax u npeomMemax NnapdaoHo20 HA3HAYeHUs! NOOYUHS/IUCL YCMOUYUBbIM
UKOHO2PApUYeCcKUM — cxemam U BbINOJIHS/IU  HEe  CMOJIbKO  NOBECMBOBAME/IbHYH),  CKOJIbKO
penpe3eHMamuBHy0 U CUMBOJIUYECKYO @yHKuuro (12). B OanbHeldwem O. [pabap, aHanusupys
MPAHCHOPMAyULO XyOOXEeCMBeHHbIX mpaduyul B YCA0BUSX UCAAMCKOU Ky/bmypbl, NOOYEPKHY/
nNpeemMcmBeHHOCMb BU3YAJIbHbIX POPM U UKOHO2PAdUYECKUx mooesel, BOCX00[uwux K 0OUC/IAMCKOMY
UCKYCCMBY, Npu ux adanmauyuu K HoBbIM 3CMemuYecKuM U Ky/ibmypHbiM KoHmexkcmam (10). [pu 3mom
06pasbl peasibHbIX HUBOMHbIX, B 4ACMHOCMU NAPHOKONbLIMHbIX — 2dszened, aHmusion, 6apaHos u
KO3/10B, — HECMOMPS HA UX WUPOKOe pacnpoCmMpaHeHue 8 NPUKAA0HOM UCKYCCMBe CpedHeBeKoBo20
Bocmoka, 3Ha4umesibHoO pexce CMAaHoBUJIUCL NPEeoMemoM CNeuuasbHo20 aHaau3d, 0CObeHHO
NPUMEHUMEesIbHO K Kepamu4yeckum Komnsiekcam A3epbalionaHa cesnbOxyKCKo2o BpemeHu. Mexdy mem
UMEHHO >mMa Kameaopus u30bpaxceHud, UWEHHas npsamol Mugoso2u4eckol HanpAaXeHHoCmu U
CBSI3AHHAA C YCMOUYUBBIMU XYO0M@CMBEHHbIMU (BOPMYIaMU, 3AUMCMBOBAHHBLIMU U3 MOPEeBMUKU U
0pyaux BudoB u306pazumesibHo20 UCKyccmaa, npedcmassisem cobol YeHHbIU UCMOYHUK 01 U3Y4eHUs
JI0KAJIbHbIX 0cobeHHocmel 0ekopa u e1ybuHHbIX NAACMOB AHUMAIUCMUYecKoU CUMBOJIUKU B YC/I0BUSIX
uciamusuposarHo2o obwecmsa (3). Hacmosuwee ucciedosaHue 0CHOBbIBAEMCS HA aHAsUu3e Kopnyca
apxeosi02Uu4eCcKUX Haxo00K, NPOUCXOOAWUX U3 CMPAMUPUUUPOBAHHbBIX PACKONOK K/THOYeBbIX 20pOOCKUX
ueHmpos AzepbalioxcaHa cesbOxH/KCKo20 Nepuood.

Llesibto cmamabu S8/15eMcs MEXHUKO-MEXHOI02UYeCKas U UKOHO02pAapu4eckas XxapakmepucmuKka
2pyNnbi 2/1a3ypoBAHHOU KepAMUKU C U306paXceHUsIMU NAPHOKONbIMHbBIX KAK 006020 peHomMeHa B pamKax
CeIbOHCKCKOU 3N0XU Kepamuyecko2o npouzsodcmaa AszepbalioxcaHa. [na peanauzauuu 3mod uesu
nocsedosamesibHO pewaromcs ciedyroujue 3adadu: BBedeHue 8 Hay4YHbIt 06opom u ¢opmasiuzosarHHoe
ONUCAHUe KOHKpemHbIX apmegakmos ¢ ¢ukcayuel Bcex CyujecmaeHHbIX NapamMempos: COCMas aH2oba
U 2/a3ypu, Nasumpa NU2MeHMOoB, MEXHUKA HAHeCeHus PUCYHKA (2pasuposkd, JuHelHas epaguxa,).
[lposedeHa peKoOHCMPYKUUS MEexHOoM02u4eckol Uenoyku Ha OCHoBe C/1e008 NpPou3BOO0CMAd,
COXPaHUBWUXCS Ha npedmemax. Ocoboe BHUMAHUe Yyoesisemcs npuemam, 0becnequsaroUyUM BbiCOKYH
demanusayuro U3obpax3ceHus (kayecmaso 2pasupoBKU NO aH200y, KOHMPOJib HA0 pacmeKaHuem 2/1a3ypu).
ViImeemcsa ukoHoepaguyeckud u cmuaucmuyeckul aHanus  usobpaxcerud. [poaHanuuposaHsl
NPUHYUNbLI  KOMNO3UUUU, B YACMHOCMU, B3aumodelicmBue uaypbl XUBOMHO20 C (GOHOBbLIM
OpHamMeHmMoM (pacmumesibHbIM UC/TUMU, 2e0MempUYecKUM).

Bnepsbie npedmMemomM CneyudsibHo20 paccMompeHUs CMAaHOBUMCS He «300MopdHAs Kepamuka»
BOObUYE, a ee KOHKPemHas, YemKo o4yep4yeHHas Nodepynnd. Ha ocHoBe KOHKpemHo20, BEpUPULUPYEeMO20
apxeoJioeu4ecko2o0  -Mamepuana (BKao4as padee He nybuKoBaswuecs WU  Masou3BecmHble
ppazmeHmel)  GOPMY/IUPYIOMCS  NPU3HAKU, NO3BOJISHOUUE UOHMUGUUUPOBAME  OAHHYH 2pynny.
lpednazaemcs B32/10 HA MU U3006paX3eHUs He NPOCMO KAK HA «yKpauwleHue», a KaKk Ha ycmoudyusbil
nemeHm Xyo0oxecmBeHHO20 A3biKad, mpebyrouul cemaHmu4yeckol paciugposKu.
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Puc.1

Paccmompum apmegakm, obHapyx#eHHbIU 8 Xo0e packonok Ha meppumopuu opesHel [[AHOXU B
1938 2, KomopbIl ABASEeMCS XApakmepHbIM 00pa3uoM  BbICOKOKAYeCmBeHHOU 2/1a3ypoBaHHOU
(nosiuBHoU) Kepamuku, Npou3BoOUBLLEUCA B 20pOOCKUX peMecieHHbIX ueHmpax AzepbadioxcaHa s XII-XIII
88 (puc.1). TexHuKo-mexHoso2u4eckull aHaau3 no3sosgem PeKoHCMPYUpoBAmMbs CMAHOAPMHYH 0/
2N0OXU CJIOXCHYIO UenoyYyky Nnpou3BodcmBa. M3denue npowsio Ka4ecmseHHbId obxcue, 8 pe3ysbmame
KOMOopo2o MesIkooucnepcHas eauHa npuobpesna msepooCmb U XApaKmepHbIUd CBemJio-0paHHeBbl
(po3oBamsil) ysem, munuyHbIl 019 MHO2UX MACMEPCKUX pe2uoHd. BHYmMpeHHss nosepxHocmsb bbiia
NOKPbIMA MOHKUM C/10em aHeoba (xuokol 2/1uHbl CBemMJ1020 MOHA), C030aswe20 udedsibHbil b6esbit poH
0715 pocnucu. OcHOBHOU PUCYHOK — U306paxeHue ¢aHmacmu4yeckoeo XUBOMHO20 — bbli HaHeceH
MemodoM 2pasupOBKU (NPOUAPANbIBAHUS) NO CbIpOMY aH20by ¢ nocaedyrowied N002/1a3ypHOU POCNUCHHO
KOPUYHEBbIM NU2ZMEeHMOM HA OCHOBE OKCUOOB ese3d. [Jono/iHume ibHble pacmumesibHble OpHAMEHMb]
B CMuJIe UC/IUMU, UCNOJIHEHbI 3e/1eHOU 2/1a3ypbHo, UBem Komopol 00Cmueascs 3a c4em coeduHeHul meou.
lMocne pocnucu npedmem b6bi1 NOKPbIM NPO3payHol Nosusol (CBUHUOBOU U/U We0YHOU 2/1a3ypbro) U
noosepeHym NoBMOpPHOMY 0bxu2y npu bosee HuU3Kol memnepamype, 8 pe3ysbmame 4Ye2o 2/1d3ypb
3amsepoesia, 3apuKCUpPOBAB PUCYHOK U Npudas nosepxHocmu bseck (4). HecMomps Ha HenoJsiHyo
COXPAHHOCMb  (pazmeHma, BbISBASEMCS PAO0 BAXCHbIX CMUJIUCMUYECKUX 4Yepm. LleHmpasibHbIM
271eMeHMOoM 0eKopa BJ19emcs NAPHOKONbIMHOE #UBOMHOE, BEPOSIMHO AHMUI0NA. MO YKa3biBaem Ha
pPACNPOCMPAHEHHOCMb B pe2UuoHe  0buje-CelbOMYKCKUX — XYOOXeCMBeHHbIX KAHOHOB.  Dueypa
npedcmassieHa 8 NPAaBom NPoGUIbHOM pakypce, Ymo si8semcs abcomomHol Hopmod 0J151 UCKYCCMBA
mo20 BpemeHu. JJUHaMu4yHas no3a (BbIMSHYMAs Wes, COo2Hymble B O0BUMEHUU nepedHue Hoau,
WMPUX0BKA HA MY/I0BULLE, UMUMUPYOUWAs MYCKY1amypy WU Wepcms) cBudemesibcmayem O BbICOKOM
Macmepcmae pesyukda U NOHUMAaHUU aHUMAaaucmu4yeckol naacmuku (4). 3mo uzobpaxceHue 3aK/H4eHo
B PAMKY U3 CMUJIU30BAHHBIX PACMUMESbHbLIX MOMUBOB UC/IUMU, YMO SB/ISeMCS KAacCuYeckum
KOMNO3UUUOHHbIM NpUemMoM, OmOensarouUM OCHOBHOe U300paxceHue om @OoHA U 3anOJHAHWUM
€cB8060OHOE NPOCMPAHCMBO.

ObHapyxxeHue 0aHHo20 GpazmeHma 8 [AHO¥Ee — 00HOM U3 CMOJIUYHbIX 20p000B 3N0OXU —
noomasepxdaem cmamyc NOJUXPOMHOU 2/1a3ypOBAHHOU Kepamuku Kak NPecmuiHo20 Nnpoodykmad,
docmynHo2o cocmosimesibHol 20podckoll anume (1). Covemarue coxHOU mexHUKU (2pasuposKka no
aH206y), NOUXPOMHOU NAUMPbI U U30ULPEHHO20 UKOHO2PAPUYECKo20 CHoxema no3B8o/isem omHecmu
2mom apmegdakm K Hucsy BbICOKOXYOOMECMBEHHbIX NnpoussedeHull NpukiadHo2o uckyccmsa. Ezo
usyyeHue BHOCUM BK/IA0 B NOHUMAHUE YPOBHS pA3BUMUS pemMecsid, 3Cmemuyeckux npeonodymeHud u
xapakmepa Ky/ibmypHbIx c8s3el AzepbalioxicaHa 8 cocmase 0bWUPHO20 CelbOXYKCKo20 Mupa (5).
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Puc.?

VIHmepec npedcmassisem @pazmeHm  CMeHKU NAdpdoHo20 — 2/1a3ypoBAHHO20 cocyda ¢
UKOHO2paguyeckum 300MopdHbIM u3obpaxceHuem. (puc.2) BeposmHo 3mo ¢pazmeHm KpynHOU MUCKU
unu  600a  omkpbimol  (POpMbl;  PEKOHCMPYKUUS  KPUBU3HbI  CMEeHKU — donyckaem  Makie
NPUHAOJIEXCHOCMb K UHOMY OMKPbLIMOMY COCYOY 3HA4umesibHo20 duamempd. Mecmo Haxooku —
eopoduwe flpesHss aHO¥a Ha meppumopuu coBpemeHHo20 AzepbaloxcaHa. [lpedmem obHapyxeH B
1940 2. B x00e apxeosio2uyeckux pabom. XpoHoi02udecku apmegdakm omHOCUMCS KO BMopol NOJI0BUHE
Xl — nepsot nonosuHe Xlll 88., nepuody pazBumo20 CpeOHeBeK0BkS, Ko20a pe2uoH Haxoousics 8 cepe
CeNbOMYKCKO20 U  XOPe3MULCKo20 NOUMUYEeckoeo U  KysibmypHoz2o 8ausHus (1). ®paemeHm
npedcmassigem cobold Yacmb CMeHKU COCydd, U320MOBJIeHHO20 U3 XOPOWO OMMYyYeHHOU 2UuHAHOU
Macchbl € NIOMHbIM, PABHOMEPHO 0OOXOKEHHBLIM YepenkoMm. HapyxHasi NOBEepXHOCMb NOKPbIMA POBHbIM
C/10emM CBemJIo-0paHxesoll CBUHUYOBOU 2/1a3ypu. BHYMPeHHSS, IuUeBsdss NoBepXHOCMb MUidmesibHO
3@2/1axeHa U NOKpbIMa npo3payHol /subo ceemsio-3enéHol  2na3ypbio, Cayxcawel @oHOM 01s
nodenasypHol pocnucu. B ueHmpasbHol 30He COXPAaHuUBWEe20Cs dpaemMeHma MemoooM JIUHelHO-
epaguyeckoll pocnucu OKCUOAamMu Memassios, NPeonosIOXUMEIbHO MApPeaHUueBbiMU NUSMeHMamu,
BbINOJIHEHO CMUJIU30BAHHOE U300pax3eHue NAapHOKONbIMHO20 X UBOMHO20, UHMEPNPEMUPYeMo20 KAk
OxcelipaH (2azesb), npedcmassieHHoe B8 Npasom NPodusibHOM pakypce (4). CoxpaHuuCs 3Ha4umesibHbIe
yacmu myJs108ulLd, 207108b1 U WeuU XUBOMHO020. [0/108a BbIMAHYMOU GOPMbI, C MS2KUM U NJIABHbIM
KOHMYPOM, 2/1a3 nepedaH 8 BUde KPYNHO20 KOHUEHMPUYECKO20 Kpyad, YmOo SBJISemcsl XapakmepHbIM
CMUAUCMUYECKUM NPUEMOM Ce/IbOXCYKCKOU 300MOppHOU uKoHo2paduu. YWHbIe paKOBUHbI HE BbIO€/IeHb!
U, BEPOSIMHO, HAMEPEHHO C/IUMbI C KOHMYPOM 20/108b1 B PAMKAX NPUHSMOU 0ekopamusHoU Cmuiu3ayuu.
Tys108UlUE HUBOMHO20 MOOE/IUPOBAHO 060OWEHHO, NIABHBIMU U YBEPEeHHbIMU KOHMYPHbIMU JIUHUSMU,
nepedaroujumMu CmpolHble nponopuuu @ueypsl. B obnacmu nie4eBo2o Nosica U pébep BKIHYEH
pacmumesibHbIl OpHAMeHm B BuUOe CMUIU30BAHHbLIX nobe2os unu saucmees (4). CodemaHue
300MOpHO20 06pasa ¢ pacmumesibHbIMU MOMUBAMU SBJSEMCS YCMOUYUBBIM KOMNO3UYUOHHBIM
npuémom B uckyccmse bauxcHe2o Bocmoka u CpedHell A3uu U MOXem UHMepnpemupoBamsCs Kak
OMCbIIKA K NpUpOOHOU cpede obumaHus *UBOMHO20 U K NO3IMUKO-CUMBOJIUYECKoMy 0bpasy cada (5).
KoHe4Hocmu nepedaHb! YCA0BHO. COXPAHUJIOCh U306payceHue Jsulib 00HOU nepeoHeld Hoeau,
HanpasneHHol Bnepéd; nodobHas pedykuus BMOPOCMeENneHHbIx demaneld npu  NPOGUILHOM
u306paxceHuU coomaemcmayem NPUHLUNAM NJIOCKOCMHOU 0eKkopamuBHoU KOMNO3UYUU, XapakmepHoU
0715 cpedHesekoBol UC/IAMCKOU HUBONUCU U KepaMUuKu. BepxHsIs 4acme 20/108b1 C po2amu, a MAakxe
3a0HSI9 4acme MYJ0BUWA C XBOCMOM ympadyeHbl. CMuauCmuYyecku u3obpaxceHue omJsu4aemcs
JIGKOHUYHOCMbIO, YEMKOCMbHO U YBEPEHHOCMbIO KOHMYPHO20 PUCYHKA, PAUUOHA/IbHBIM 3AN0JIHeHUEM
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0ekopamuBsHo20 NOJISE U OMCYMCMBUeM CMpemJIeHUs K Hamypaaucmu4yeckod 0emanu3ayuu. TpakmosKka
obpasa coyemaem y3Hasaembie BUOOBbIE NPUIHAKU, MAKue Kak cmpolHbit Npodusib U XapakmepHsil
u3eub weu u 20s108bl, C 0ekopamusHoU YC/I0BHOCMbHO OMOE/IbHbIX 31eMEeHMOB, Npexde BCe20 2/1d3d U
OpHAMeHmMasbHo20 donosiHeHus (6). [ModobHas mMaHepa xapakmepHa 0/ nodeaazypHoU pacnucHoU
KepamuKku cesibOXYKCKO20 BpemMeHu U caudemesibcmayem o pabome 0nbImHO20 Macmepd, 3HAKOMO20 C
YCMOUYUBBIMU UKOHO2PAPUHECKUMU KAHOHAMU 3N0XU. B UKOHO2pAagdu4yecKoM omHOWeHUU U306paxceHue
OxcellpaHa B CBEMCKOM UCKYCCMBEe UCAaMCKO20 MUupd yCmoU4yuBo CBA3AHO C NpedcmasieHusmMmu o
Kpacome, 2pauuu u bbicmpome, a Makxe ¢ MOMUBAMU OXOMb! U NO3IMUYecKum obpasom cada. B
KoHmekcme napadHol cmosioBol Kepamuku nooobHble 300MOpGHbIe  CHodembl  BbINOIHAIU
NpeuMyu,ecmaeHHo 0eKopamuBHO-CUMBOIUYECKYO (QYHKUU U OMPax;aau BKYCbl 20podckold U
npudsopHoU cpedsbi (5). TexHomo2us U320MOBIEHUS COCYO0a BKIKOHAIA OPMOBKY HA 20HYAPHOM Kpyee,
nepBuYHbIl  OUCKBUMHBLIG 0b6xU2, HaHeceHue csemsol 21a3ypHold OCHOBbI HA BHYMPEHHIOK
NoBepXHOCMb, N002/1a3yPHYH POCNUCH OKCUOHBIMU NUZMEHMAamu € UCNO0JIb30BAHUEM KUCMU U/U Kanama
U nocedyrouuli BmMopuYHbIt obxcue npu memnepamype nopsoka 800-900 °C 019 3aKpensieHus 2/1a3ypu
u pocnucu. CoxpaHuBwWascs Bbicoma ¢pazmeHma cocmassisgem 3-3,5 CM, MAKCumMasabHasi 0JlUHa U
WupuHa — okKoJsio 12 cm. PekoHCmpyupyembil NO KpuBU3He CmeHKU duamemp cocyda cocmassisiem
npubsuzumenbHo 7,8 CM, 4YMO YKA3biBAem HA OMHOCUMENbHO KPYNHbIG OMKPbIMbIL  COCYO.
CoxpaHHoCMb npeomMema ¢pazmeHmapHas: ympadeHsl BepxHull Kpal cocyod, 3a0HssS 4acme guaypbi
HUBOMHO20, BEPX 20/108bl C PO2AMU U, BEPOSMHO, 0ONOJHUME/bHbIE 3/1eMeHMbl OPHAMeHMAsibHOU
Komno3uyuu. lospexcoeHus 21a3ypHoO20 C/1051 He3Ha4YUmeJsibHbl, POCNUChH B Ues10M XOpowo yumaemcs (4).
PaccmampuBsaembild  ¢ppaemeHm  npedcmassisgem  cobol  xapakmepHbit — obpasey — napaoHou
2/1a3ypoBaHHol Kepamuku aHOxcu XII-XIII 8.

Apmegpakm csudemenbcmsyem 0 pacnpoCMpPAaHEHHOCMU B8 [AHOME pa3sumbiX 300MOPGDHbLIX
CIOXemOoB, BbINOJIHEHHbIX B 0bWe-Ce/IbOXYKCKOU cmuaucmuyeckold maHepe, U nod4Yyépkusaem
BKJIHOYEHHOCMb 20p00a B WUPOKUU KY/IbMYPHO-XYOOXEeCmBeHHbIU 0bMeH CpeOHeBeKoB020 UC/IAMCKO20
mupa. [lepcnekmusHbIM HanpassieHuem 0adsibHelwux ucciedosaHull npeocmasisemcs nposeoeHue
PACUIUPEHHO20 CPABHUMEbHO-UKOHO2PAPUYECKO20 aHaau3d ¢ Mamepuasamu U3 opyeux UeHmpos
A3epbalioxaHa, a makxe VpaHa u CpedHeld A3uu, U MEXHUKO-MEeXHOJ/I02uYeckoe UusyyeHue cocmasa
2/1a3ypu U NU2MeHMOoB.

Puc.3

Paccmompum  ¢ppaemeHm  271a3ypoBAHHOU  KepamMuku C UKOHO2paduyeckum u306paxeHuem
oxcelipaHa. (puc.3) ®pazmeHm 2/1a3ypoBAHHO20 Kepamuyecko2o cocyoda npoucxooum C meppumopuu
2opoouuya JlpesHss [aHox#ca u 6bi1 obHapyxeH 8 1939 2. Smom ¢ppazmeHm npedcmassigem cobold Yacms
CMeHKU NApadHo2o Cocydd, U320MOBJIeHHO20 U3 XOPOWO OMMYYeHHOU 2/luHbl U NOKPbIMO20 CBEeMmJIo-
Kopuy4Hesol CcBUHU0BOU enasypbto. Yepenok naomHbIl, paBHOMEPHO OOOXOHEHHBbIU. BHYMpeHHss
NoBepxHOCMb cocyda npedsapumesibHO aH20bUPOBAaHA U Ciyx#um ¢oHoM 015 N002/1a3ypHOU pOCNUCU,
BbINOJIHEHHOU B MexHUKe JIUHeUHO-2paguyeckoeo pUCyHKaA. JJekopamusHas KOMNO3Uyus BK/IHOYAem
CMUJIU30BAHHOE U306pax3eHue NAapHOKONbIMHO20 #UBOMHO20, BEPOSIMHO, 0xcelpaHa uiu 671u3Ko20 K
Hemy BuUOd, BbINOJIHEHHOE MEMHO-KOPUYHEeBbIM KOHMYPOM. XUBOMHOe NpedcmasieHo 8 NPOdUIbHOM
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pakypce;, ocoboe BHUMAHUE yoeneHo U306pax3eHuro KoHeYHocmed, YUC/0 KOmMOopPbIX NOOYEPKHYMO U
BU3YAJIbHO AKUEHMUPOBAHO, YMO NO3BOJIU/IO UCC/Ie00BAME/I0 UHMepnpemupoBams @uaypy Kak
0BUXCYULYIOCA. JIUHUU KOHMYPA YBEpeHHble, YemKue, Ymo cBudemesibcmayem O NPopeccUoHabHOM
YPOBHE UCNOJIHEHUS. BOKPY2 300MOPPHO20 U300pax3eHUs pasmeuseHbl 3/1emMeHmsl pacmumeslbHO20
OpHAMEHMA, BbINOJIHEHHbIE 3e/1EHOU Kpackol, a make 2eomempuyeckue Momusb! 8 sude pombos u
2pynn U3 mpéx moYek, XapakmepHbix 0/ 0eKOPAMUBHO20 S13bIKA CeIbOXCYKCKOU KepamuKku. Komnosuyus
OM/IUYAemcs YpaBHOBEWIEHHOCMbIO U PAUUOHAIbHBIM pacnpedesieHuemM 3/1eMeHmos B8 npeodesax
dekopamusHo2o (4). CoyemaHue 300MOPGHO20 MOMUBA C PACMUMENbHLIMU U 2e0MempuYecKuUMU
7leMeHmamu YKasbisaem Ha NPUHAG/IeXHOCMb U30e/iusi K CBemcKod XyooxecmseHHOU mpaduyuu,
pPAcnNPOCMparHéHHol B CpeOHeseKoBoM UCIAMCKOM UCKYCcCmBe U 0CObeHHo xapakmepHol 0/1s
nodenaszypHol pacnucHol kepamuku XII-XIlI 88.(2). TexHono2us u320moB/eHUs cocyoa BK/IHO4YAIa
POPMOBKY HA 20HYAPHOM Kpyee, NepBUYHbIU 0bXU2, HaHeceHue aHeobd, Nnod2s1a3ypHy PocNUChb
OKCUOHbIMU NUEMeHMAamu, 2/1a3yposaHue U NOoCaedyrouultl BmopudHbIl obxcue. Pasmepsi ¢ppazsmeHma
cocmassisrom 0Koso 14 ¢cm B8 OAuHy U 9 CM B WUPUHY, YMO NO3B0OJAAem npednosiazams €20
NPUHAOSIeXCHOCMb K CPABHUME/TbHO KPYNHOMY OMKPbIMOMY COCYDY, BEPOSMHO, NPEOHA3HAYeHHOMY 015
NapaocHo20 UaU CMOJI0BO20 UCNOJIb30BAHUA. B uenom 0aHHbIU GpazmeHm npedcmassigem cobod
XapakmepHbild 0bpasey BbICOKOKAYeCmBeHHOU 2/1a3ypoBaHHOU  Kepamuku [AHOMXU  pa3sumoeo
CpeOHeBeKoBbs U WIIOCMPUPYyem pacnpocmpaHéHHOCMb 300MOPPHbIX MOMUBOB B 0eKOPamuBHOM
penepmyape MecmHbIX 20HYapHbIX Macmepckux. OH NoOmMBep#0aem mecHble Xy0oxecmaeHHble CBS3U
[AaHO@U € 0buwle-ceslbOXYKCKUM  KY/JIbMYPHbIM NPOCMPAHCMBOM U BbICOKUU YpoBeHb pa3Bumust
u30bpasumesibHbIx mpaouyuli 8 20p00CKoM pemecsieHHoM npoussodcmase XII-XII 8s (8).

B Ce/IbOXYKCKOM UCKYCCMBE, 0CObEHHO B KepaMUKE, 4aCmO MOMX(HO BCMPEemMUmMb U306paxceHue
NAPHOKONBLIMHBIX MUBOMHBIX, MAKUX KAK aHMUJIONbI, OJIeHU B8 3dBUCUMOCMU OM  Pe2UuOHd.
CpasHumesibHo-munosioeu4eckull Memood B OdHHOM CJiy4ae onupaemcsl Ha Kopnyc onyb/IuUKOBAHHbIX
aHanoeul No cebOXYKCKOU Kepamuke U NO3B0JISem yBepeHHo ampubymuposams U 0amuposamb
paccmampusaemsiti - ppaemeHm. B pabome 3. [pybe NocBAWEHHOU CenbOXKCKOU Kepamuke,
Bbldes1Isemcs 2pynna noo2/1asypHol pacnucHoU Nocyobl, Xxapakmepu3syrowsedcsl UCNo/1b308aHUeM aHaoba,
npo3payHol 2nasypu u ysepeHHoU KOHMYpHoU sauHuu. [na 3mod epynnbi MUNUYHbl 300MOPPHbIE
U306paX3ceHus, BNUCAHHbIE B OpHAMeHmasbHoe nosae (11). Tunosoeudecku 3mo CmMosioBas pAacnUCHAs
Kepamuka 20po0CK020 Kpyea, He CBA3AHHAsI C KY/IbmMoBoU u/iu apxumeKkmypHoU gyHKuued. AHaauupys
UCIAMCKOE UCKYCCMBO 8 MEXPe2uoHabHOU NepcnekmuBe, MOXCHO c0eiamse BbiB00 06 ycmolvyusocmu
300MOPPHBLIX MOMUBOB KAK XYOOXECMBEHHbIX CXEeM, COXPAHAOULUXCH HA NPOMSAXEHUU 01UMesbHO20
BPemMeHU U B PA3HbIX peUOHax uciamckoeo mupa (11). Hado ommemums, Yymo obpaz aHmMusaoNkI
npeocmaem He YacmHbIM C/Iy4aemM, a penpeseHmauuel ycmoldusol uUKoHoepagu4eckol popmy/ibl —
«beayujeco  mMpasosioHo2o», 0CObeHHO nonyaspHol B8 CBEMCKOM UcKyccmase A3sepbaloxaHa
CesIbOHYKCKO20 BpemeHU (6).

[1poBe0éHHbIU  aHaiu3  300MOPPHOU  2/1a3YpoBAHHOU  KepamMuKku ¢ U306paxeHusmu
NAPHOKONBLIMHbIX XUBOMHbLIX NO3B0/9€m pACCMaAMpuBamb  OAHHYHO epynny NAMAMHUKOB KAk
camocmosimesibHbIl U YyCmMoU4uBbId KOMNOHEHM XYyO0OXeCmMBeHHO020 penepmyapa CesibOHYKCKO20
nepuooa 8 AsepbalioxcaHe. Apxeosoz2udeckue mamepuasbl U3 [AHOXU O0eMOHCMPUpPYrom eouHble
MEexXHUKO-MexHosI02uYeckue npuémbi, O0bUWHOCMb CMUAUCMUYecKUX peweHutd U ycmod4uBocmsb
UKOHO2PApUYeCcKux cxem, Ymo cBUdemMeIbCMBYem 0 BKJIHOYEHHOCMU MeCMHbIX 20HYAPHbIX MACMEPCKUX
B WUPOKOE 0bUece/IbOXYKCKoe KY/IbMypHOe NPOCMpPaHcmao (9) . MobpaxeHus eazenel u aHmusion,
BbINOJIHEHHbIE B NPOPUILHOM pakypce u coYyemaroujuecs C pacmumesibHbIM U 2eoMempuyeckum
OpHAMEHMOM, OMPAXArom He HAMypPasUCMuYyeckoe cmpemsieHue K nepedaye KOHKpemHo2o sudd, a
UCNO/Ib30BAHUE MUNU3UPOBAHHO20 06pa3a «0BUMCYWLE20CS MPasosioHo20», XApakmepHo20 0Jis
CBEMCKO20 UCKyccmBa uciamckozo mupa X=Xl 8s. Vix cemaHmuka, BeposimHo, 6biia CBA3aHA C
NpeodcmasieHUsIMU 0 KpAacome, XU3HeHHoU 3Hepuu, NPUPOOHOU 2apMOHUU U 0XomHUYbel Ky/bmype,
ymo 0en1as0 N000bHbIe MOMUBbLI 0CObEHHO YyMecmHbIMU B8 0ekope napadHol cmosiosol nocyosb! (6).
Takum 0bpazom, 300MopPHbIe U306pax2ceHuss NAPHOKONbIMHBIX HA 2/1a3ypOBAHHOU Kepamuke ciedyem
UHMepnNpemupoBams He Kak BMOPOCMENeHHoe YKpaweHue, a Kak 3Ha4umMbil BU3YasibHbIU 31emeHm,
ompaxcarowjull - XyooxecmBeHHble BKYCbl 20pOOCKOU  3/1umbl U ycmolyusble CUMBOJIUYECKUe
npedcmassieHuss 3noxu. JanbHelwue ucc/edoBaHus, BKIKYAS XUMUKO-MEXHOA02UYeckul aHanu3
enasypell U PAacliUpeHHOe MepPe2uoHadbHoe CPasHeHUe, CNOCObHbI CYUeCmBeHHo yenybums
noHumaHue nymed pacnpocmpaHeHusi U mpaHcoopmayuu 0aHHbIX 06pa308 B PAMKAX Ce/IbOXCYKCKO20
XY00X#eCmBeHHO20 MupA.
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DIABETES MELLITUS AS A CHALLENGE OF THE 215T CENTURY: MODERN APPROACHES TO DIAGNO-
SIS, TREATMENT, AND PREVENTION

Ali Ismailzade
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(Ganja, Azerbaijan)

Abstract

Diabetes mellitus is one of the most common chronic diseases of our time, characterized by com-
plex carbohydrate metabolism disorders and systemic damage to various organs and tissues. With rapid
urbanization, changing diets, and declining physical activity, this condition has become a global medical
and social problem. The disease is characterized by a long, often asymptomatic course in its early stages,
which complicates timely diagnosis and contributes to the development of severe vascular and metabolic
complications.

This article systematizes current understanding of the pathogenesis of diabetes mellitus, highlight-
ing the role of insulin deficiency and insulin resistance in the development of chronic hyperglycemia. The
article examines the main clinical manifestations, laboratory diagnostic criteria, and principles for differ-
entiating between various types of the disease. Particular attention is paid to a comprehensive approach
to treatment, including lifestyle modification, non-drug methods for correcting metabolic disorders,
modern pharmacological agents, and insulin therapy. The role of self-monitoring as a key factor in achiev-
ing sustainable disease management and preventing complications is analyzed separately.

The study also explores the mechanisms underlying micro- and macrovascular complications,
which determine patients' prognosis and quality of life. It demonstrates that effective glycemic control,
early identification of risk factors, and active patient participation in treatment are the foundation for
successful disease management. It concludes that modern diabetology requires a stronger focus on pre-
vention and the development of personalized treatment approaches that make diabetes a manageable
condition with timely and comprehensive medical support.

Keywords: hyperglycemia, diagnostics, insulin resistance, prevention, diabetes mellitus.

Introduction: In the 21st century, diabetes mellitus has ceased to be viewed solely as a medical
problem and has become a global socioeconomic challenge. The rapid increase in incidence worldwide is
driven by a combination of factors, including urbanization, changing diets, decreased physical activity,
and increasing life expectancy. According to international studies, the prevalence of the disease contin-
ues to rise steadily, placing a significant burden on healthcare systems and requiring a revision of preven-
tion strategies, early diagnosis, and long-term patient management.

The systemic nature of diabetes mellitus makes this problem particularly pressing. Chronic hyper-
glycemia damages the blood vessels, nervous system, and vital organs, significantly increasing the risk of
disability and premature death. Moreover, the disease can remain asymptomatic for long periods, with
clinical manifestations often appearing only when complications develop. Therefore, early diagnosis,
timely initiation of treatment, and the development of self-management skills and a responsible attitude
toward treatment are crucial.

Modern diabetology is characterized by significant advances in understanding the pathogenetic
mechanisms of the disease and expanding therapeutic options. The development of new pharmacological
agents with not only hypoglycemic but also cardio- and nephroprotective effects, the introduction of
continuous glucose monitoring technologies, and personalized treatment regimens have significantly im-
proved the effectiveness of disease management. However, successful diabetes management is impossi-
ble without a comprehensive approach, including lifestyle modification, patient education programs, and
risk factor prevention.

The purpose of this article is to systematize current understanding of diabetes mellitus as a com-
plex metabolic disease, including its pathogenesis, clinical manifestations, diagnostic methods, treat-
ment principles, self-monitoring, and complication prevention. A comprehensive analysis of these aspects
allows us to view diabetes mellitus not only as a chronic pathology but also as a manageable condition
in which timely medical and behavioral interventions can ensure a high quality of life and prolong life for
patients.
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Diabetes mellitus is a heterogeneous group of metabolic diseases united by a common pathophys-
iological feature: chronic hyperglycemia, which occurs due to impaired insulin secretion, its action, or a
combination of these mechanisms. Under physiological conditions, insulin, synthesized by the B-cells of
the pancreas, ensures the transport of glucose into cells and requlates carbohydrate, fat, and protein
metabolism. In type 1 diabetes mellitus, absolute insulin deficiency develops due to the autoimmune de-
struction of B-cells, while type 2 diabetes mellitus is characterized by insulin resistance in peripheral tis-
sues combined with relative hormone deficiency. The main clinical manifestations of the disease are pol-
yuria, polydipsia, and polyphagia. Without timely treatment, chronic hyperglycemia leads to damage to
the blood vessels, nervous system, kidneys, and visual organ, which significantly increases the risk of dis-
ability and premature mortality [7, pp. 1-5].

Diabetes mellitus is one of the most common endocrine diseases and is considered one of the key
medical and social problems of our time. The increasing prevalence of the disease is associated with ur-
banization, changing diets, an increase in the consumption of high-calorie foods, and a decrease in phys-
ical activity. Particularly challenging is the presence of latent forms of diabetes, in which the disease
remains asymptomatic for a long time and is detected only through laboratory testing. In such circum-
stances, early diagnosis is crucial for preventing vascular and metabolic complications.

The clinical presentation of the disease depends on its type, rate of progression, and the degree of
metabolic disturbances. Type 1 diabetes typically develops acutely and often manifests in young adults,
while type 2 diabetes is characterized by gradual onset and a long latent course. In many cases, the con-
dition is discovered incidentally during routine checkups or examinations for concomitant diseases [8, pp.
69-72].

The most common clinical signs include frequent urination, intense thirst, dry mucous membranes,
decreased visual acuity, increased appetite, chronic fatigue, and decreased performance. The disease is
also characterized by slow wound healing, a tendency toward skin and infectious processes, sleep dis-
turbances, and weight fluctuations. It should be noted that differential diagnosis of the various types of
diabetes is only possible based on clinical and laboratory data, as long-term diabetes can lead to nonspe-
cific symptoms associated with the development of chronic complications.

The etiology of diabetes mellitus is multifactorial and is determined by the interaction of genetic
predisposition with external and internal risk factors. The development of the disease can be associated
with both damage to pancreatic B-cells and the development of insulin resistance. The main predisposing
factors include a family history, excess body weight, physical inactivity, autoimmune processes, viral in-
fections, and toxic exposures. Endocrine disorders, long-term use of glucocorticosteroids, and the pres-
ence of cardiovascular disease also play a significant role. Despite the rarity of congenital forms of the
disease, genetic mechanisms significantly increase the likelihood of its manifestation later in life.

The pathogenesis of diabetes mellitus is formed as a result of the complex influence of genetic and
environmental factors, which, in the presence of an individual predisposition, trigger a cascade of meta-
bolic disorders leading to persistent hyperglycemia and its systemic consequences [9, p. 24 1-246].

Pathogenesis of diabetes mellitus

The pathogenesis of diabetes mellitus is a complex, multifactorial process resulting from the inter-
action of genetic predisposition and adverse environmental factors. Genetic mechanisms, which under
certain conditions trigger abnormal immune and metabolic reactions, play a key role in the development
of the disease. Types 1 and 2 diabetes mellitus differ in both their hereditary characteristics and their
underlying pathophysiological mechanisms, despite the similarity of the underlying metabolic disturb-
ances [9, pp. 24 1-246].

Type 1 diabetes mellitus is caused by an autoimmune attack on the B-cells of the islets of Langer-
hans. In the early stages of the disease, autoantibodies form against the surface antigens of insulin-pro-
ducing cells, as well as against components of their cytoplasm and nucleus. In some cases, the immune
system also produces antibodies against insulin itself. The gradual development of the autoimmune re-
action leads to the progressive destruction of B-cells and a decrease in hormone secretion. Antigens re-
leased from damaged cells, including proinsulin, sustain and enhance the immune response, creating a
vicious cycle that leads to the gradual loss of endogenous insulin production [8, pp. 70-72].

The pathogenesis of type 2 diabetes mellitus is different and is associated primarily with the devel-
opment of insulin resistance. In the early stages of the disease, insulin secretion increases compensatorily,
but chronic hyperinsulinemia leads to decreased receptor sensitivity to the hormone and disruption of
intracellular signaling. Obesity, chronic inflammation, and lipotoxicity play a significant role, disrupting
the normal function of insulin receptors and contributing to excess glucose production by the liver. As
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the disease progresses, [3-cells become functionally exhausted and their secretory activity decreases, lead-
ing to relative and then absolute insulin deficiency [7, pp. 1-5].

An additional pathogenetic mechanism is a disruption of the rhythm of insulin secretion, which is
normally pulsatile. In metabolic disorders, this physiological rhythm is lost, reducing the hormone's effec-
tiveness on peripheral tissues. Chronic hyperglycemia increases the production of amylin, a hormone se-
creted by B-cells simultaneously with insulin. Its excessive accumulation contributes to the formation of
amyloid deposits in pancreatic islets, leading to structural tissue damage and further deterioration of [3-
cell function.

Despite differences in their developmental mechanisms, both types of diabetes mellitus result in
similar metabolic consequences. A deficiency in effective insulin action impairs cellular glucose utiliza-
tion, increases gluconeogenesis and lipolysis, causes an imbalance in protein metabolism, and leads to
chronic hyperglycemia. The long-term persistence of these disturbances underlies systemic damage to
organs and tissues, including micro- and macrovascular complications, which determine the severity of
the disease and its long-term prognosis [6, pp. 2669-2675].

Clinical manifestations and characteristics of the course of diabetes mellitus

In most cases, diabetes mellitus is accompanied by significant metabolic disturbances, making it
relatively easy to establish a diagnosis at the clinical stage. However, identifying the disease in the early
and preclinical stages, when subjective complaints are absent or minimal, remains a significantly more
challenging task. In such situations, targeted laboratory testing and screening programs play a crucial
role. Early diagnosis is crucial, as timely initiation of therapy can prevent or significantly slow the devel-
opment of vascular and neurological complications [4, pp. 19-22].

The clinical picture of diabetes mellitus is characterized by a polymorphism of symptoms reflecting
the systemic nature of metabolic disorders. The first manifestations of the disease may include both spe-
cific signs of carbohydrate metabolism disorder and nonspecific general complaints. The most significant
metabolic symptoms include thirst, frequent urination, persistent hunger, and weight changes. Patients
may also experience increased fatigue, decreased performance, drowsiness, and muscle weakness.

Important clinical signs also include dry skin and mucous membranes, anogenital itching, a ten-
dency toward recurrent skin infections, and delayed wound healing. Some patients experience dental
problems, impaired peripheral sensitivity due to developing neuropathy, reproductive disorders, visual
impairment, and early manifestations of cardiovascular disease. It should be emphasized that in the early
stages of the disease, many of these symptoms may be perceived by patients as nonspecific and not re-
quiring medical consultation. In some cases, hyperglycemia is discovered incidentally during routine
screening.

The most characteristic clinical manifestations are associated with carbohydrate metabolism dis-
orders and include the classic symptomatic triad. Polyuria develops as a result of osmotic diuresis associ-
ated with hyperglycemia and may be accompanied by an increase in daily urine volume to over 3 liters.
Polydipsia is a compensatory response to fluid loss and is characterized by intense thirst and increased
water intake. Polyphagia is caused by cellular energy deficiency and is often associated with weight
changes—a decrease in the presence of insulin deficiency or an increase in the presence of obesity. These
symptoms reflect underlying metabolic disturbances and are important diagnostic criteria for the disease
[7, pp. 1-5].

The clinical course of diabetes mellitus varies significantly depending on its type. Type 1 diabetes
mellitus is characterized by an acute onset and rapid progression of symptoms, is more common in chil-
dren and young adults, and carries a high risk of developing diabetic ketoacidosis. Due to absolute insulin
deficiency, patients require lifelong insulin replacement therapy.

In contrast, type 2 diabetes develops gradually and can remain asymptomatic for a long time. The
disease is most often diagnosed in individuals over 40 years of age and is closely associated with excess
weight and metabolic syndrome. Insulin resistance is the underlying cause, making lifestyle modification,
weight loss, and oral hypoglycemic agents the primary treatment options. As the disease progresses, in-
sulin therapy may become necessary.

Despite differences in their developmental mechanisms and clinical course, both types of diabetes
require constant monitoring of glycemic levels. Maintaining carbohydrate metabolism within target lim-
its is key to preventing chronic complications, including damage to the blood vessels, eyes, kidneys, and
peripheral nervous system [6, pp. 2669-2675].
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Table 1. Comparative Characteristics of Type 1 and Type 2 Diabetes Mellitus.

Criterion Type 1 diabetes mellitus Type 2 diabetes

The main pathogenetic | Autoimmune destruction of pancreatic Insulin resistance of tissues in combination with rela-

mechanism B-cells, absolute insulin deficiency tive and then absolute insulin deficiency

Onset of the disease Acute, rapid development (days—weeks) Gradual, long-term asymptomatic course (months—

years)

Age of manifestation Most often children, teenagers and Mainly adults over 40 years of age (in recent years,
young adults also younger patients)

Body weight Usually normal or decreased Often overweight or obese

Main symptoms Severe thirst, polyuria, sudden weight Moderate symptoms: fatigue, dry mouth, itchy skin,
loss, weakness slow wound healing

Risk of acute complica- | High risk of diabetic ketoacidosis Ketoacidosis is rare, hyperosmolar states are possible

tions

Endogenous insulin Sharply reduced or absent Normal or elevated in early stages, decreasing as

level progression occurs

Main approaches to Lifelong insulin therapy Lifestyle modification, oral hypoglycemic agents, in-

treatment sulin if needed

Association with meta- | Absent Often associated with obesity, hypertension and

bolic syndrome dyslipidemia

Acute complications, laboratory diagnostics and non-drug therapy of diabetes mellitus

Acute complications of diabetes mellitus are life-threatening conditions resulting from sharp fluc-
tuations in blood glucose levels and requiring immediate medical intervention. The most significant of
these include hypoglycemia, diabetic ketoacidosis, hyperosmolar hyperglycemic state, and lactic acidosis.
Hypoglycemia develops when blood glucose concentrations fall below critical values (usually less than
3.0 mmol/L) and is characterized by sudden weakness, tremors, sweating, tachycardia, severe hunger,
and, in severe cases, loss of consciousness. Diabetic ketoacidosis is characterized by severe hyperglyce-
mia, ketonemia, and metabolic acidosis, accompanied by dehydration, acetone breath, and abdominal
pain. Hyperosmolar state, more commonly observed in type 2 diabetes mellitus, is associated with ex-
tremely high glucose levels and severe dehydration in the absence of pronounced ketosis. Lactic acidotic
coma is caused by the accumulation of lactic acid and most often develops in elderly patients with un-
derlying somatic pathology. All of these conditions are characterized by a high risk of mortality and re-
quire prompt diagnosis and intensive care [4, pp. 140—145].

Laboratory diagnosis of diabetes mellitus is based on an objective assessment of carbohydrate me-
tabolism parameters and allows for the detection of both manifest and preclinical forms of the disease.
The main diagnostic criteria include a fasting plasma glucose level =7.0 mmol/L, a glycated hemoglobin
(HbA1c) concentration >6.5%, and the results of an oral glucose tolerance test, in which the glycemic
levelis =211.17 mmol/L 2 hours after a glucose load. Determination of HbA1c is considered the "gold stand-
ard" for assessing long-term glycemic control, reflecting the average blood glucose concentration over
the previous 2-3 months. Of additional importance are urine tests for glucose and ketone bodies, as well
as determination of the C-peptide level, which allows for the assessment of the functional activity of
pancreatic B-cells and the differential diagnosis of various types of diabetes [2, pp. 19-24].

Extensive laboratory testing is aimed at clarifying the type of disease, assessing metabolic status,
and early detection of complications. Determination of -cell autoantibodies (GAD, ICA, IA-2), character-
istic of the autoimmune process in type 1 diabetes, is of significant diagnostic value. Biochemical param-
eters, including a lipid profile, help assess cardiovascular risk, while creatinine levels, glomerular filtration
rate (GFR), and microalbuminuria testing are used for the early diagnosis of diabetic nephropathy. Addi-
tional tests, such as fructosamine, liver function tests, complete blood count, and thyroid hormone levels,
help identify associated disorders and assess the patient's overall condition.

The mainstay of type 2 diabetes treatment is non-drug therapy aimed at correcting risk factors and
restoring metabolic balance. Lifestyle modifications are key, including a balanced diet with limited easily
digestible carbohydrates and saturated fats, increased dietary fiber intake, and frequent meals. Regular
moderate-intensity physical activity (at least 150 minutes per week) helps increase tissue sensitivity to
insulin and improve carbohydrate metabolism. A 5-10% weight loss in overweight patients significantly
reduces the severity of insulin resistance and lowers the risk of disease progression.

An important component of non-drug therapy is teaching patients self-monitoring skills, including
regularly monitoring glucose levels, following dietary recommendations, and understanding the princi-
ples of complication prevention. Smoking cessation and limiting alcohol consumption further reduce the
risk of cardiovascular events. It should be emphasized that lifestyle modification is essential at all stages
of the disease and remains important even when drug therapy is prescribed. In the early stages of type 2
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diabetes, with strict adherence to recommendations, it is possible in some cases to achieve sustained
metabolic compensation and clinical remission.

Drug therapy, self-monitoring, complications and prevention of diabetes mellitus

Drug treatment for diabetes aims to achieve and maintain target glycemic control, prevent com-
plications, and reduce cardiovascular risk. The treatment strategy is determined by the type of disease,
the severity of metabolic disturbances, and the presence of comorbidities. For type 1 diabetes, the pri-
mary treatment method is lifelong insulin therapy, while for type 2 diabetes, oral hypoglycemic agents
are initially used, followed by a transition to combination or insulin therapy as the disease progresses.

Metformin remains the first-line treatment for type 2 diabetes. It reduces hepatic glucose produc-
tion and increases tissue sensitivity to insulin without causing severe hypoglycemia. If monotherapy is
ineffective, medications from other pharmacological groups are used. Dipeptidyl peptidase-4 inhibitors
enhance the incretin effect and stimulate insulin secretion in response to food intake. Sodium-glucose
cotransporter-2 inhibitors promote the excretion of excess glucose in the urine and have proven cardio-
and nephroprotective effects. Glucagon-like peptide-1 receptor agonists reduce body weight and improve
glycemic control, while sulfonylureas stimulate endogenous insulin secretion. If oral medications are in-
sufficient, insulin therapy is prescribed, including ultra-short-, short-, intermediate-, and prolonged-action
medications. The selection of a treatment regimen is carried out individually by an endocrinologist, taking
into account the clinical condition of the patient.

Self-monitoring is a crucial element of successful treatment, ensuring the patient's active partici-
pation in disease management. Regularly measuring blood glucose levels with a glucometer allows for
timely adjustments to diet, physical activity, and medication dosages. Keeping a self-monitoring diary,
monitoring body weight and blood pressure, and periodically determining glycated hemoglobin levels (at
least once every 3-4 months) allow for an objective assessment of therapy effectiveness. Maintaining
glycemia within target limits significantly reduces the risk of both acute and chronic complications and
is essential for long-term disease management [4, pp. 140-145].

Chronic complications of diabetes mellitus develop as a result of prolonged exposure to hypergly-
cemia and are associated with damage to the vascular and nervous system. Microangiopathy includes
diabetic retinopathy, a leading cause of blindness, nephropathy leading to chronic renal failure, and pe-
ripheral neuropathy, accompanied by sensory impairment and pain. Macroangiopathic complications in-
clude coronary heart disease, myocardial infarction, cerebrovascular accidents, and atherosclerotic vas-
cular disease of the lower extremities. Of particular clinical significance is diabetic foot syndrome, char-
acterized by the development of ulcerative necrotic processes and a high risk of amputation. Prevention
of these complications is directly related to effective control of carbohydrate metabolism and correction
of cardiovascular risk factors [17, pp. 88-90].

Primary prevention of diabetes, especially type 2, is based on promoting a healthy lifestyle and
eliminating modifiable risk factors. A balanced diet with limited intake of easily digestible carbohydrates
and saturated fats, reqular physical activity for at least 30 minutes per day, maintaining a healthy weight,
and avoiding unhealthy habits help improve tissue sensitivity to insulin and reduce the risk of developing
the disease. Regular medical monitoring, including periodic blood glucose testing and blood pressure
monitoring in at-risk individuals, is essential.

Thus, diabetes mellitus is one of the most significant non-communicable diseases of our time, be-
coming a global medical and social problem. The increasing incidence of the disease, driven by lifestyle
changes and demographic processes, requires a comprehensive approach to its prevention and treat-
ment. Achieving stable carbohydrate metabolism compensation remains a central goal of modern dia-
betology, as maintaining glycemia within target limits is the only proven method for preventing severe
vascular complications and reducing mortality.

Modern medicine offers a wide range of therapeutic options, including innovative medications with
organ-protective properties, continuous glucose monitoring systems, and high-tech insulin delivery sys-
tems. However, treatment effectiveness largely depends on the patient's adherence to therapy, their
awareness, and their willingness to engage in long-term self-management. Educational programs and
fostering a responsible attitude toward the disease are becoming crucial components of long-term pa-
tient management.

The prospects for the development of diabetology are linked not only to improved drug therapy
methods but also to the development of fundamentally new approaches aimed at primary prevention
and possible radical treatment of the disease. Research in cell technologies, regenerative medicine, and
genetic engineering are opening up new avenues for therapy. Despite the chronic and progressive nature
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of diabetes, modern medical science and active patient engagement allow this disease to be viewed as a
manageable condition, ensuring a high quality of life and longevity.

Conclusion

Diabetes mellitus remains one of the most significant chronic noncommunicable diseases of our
time, reflecting profound changes in lifestyle, dietary patterns, and demographic processes on a global
scale. Its prevalence continues to grow, and the systemic nature of metabolic disturbances makes the
disease a risk factor for severe cardiovascular, renal, neurological, and ophthalmological complications.
Therefore, diabetes mellitus should be considered not only as a clinical problem but also as a complex
medical and social phenomenon requiring an interdisciplinary and strategic approach to its management.

Modern advances in pathophysiology, pharmacotherapy, and medical technology have signifi-
cantly expanded the possibilities for effective disease management. Innovative medications with proven
organ-protective effects, continuous glucose monitoring systems, individualized treatment regimens, and
patient education programs enable sustainable compensation of carbohydrate metabolism and signifi-
cantly reduce the risk of complications. However, the key to successful therapy remains the patient's
active participation, adherence to treatment, and commitment to long-term self-management.

The preventative focus of modern diabetology is becoming particularly important. Developing a
healthy lifestyle, early detection of carbohydrate metabolism disorders, and timely intervention can sig-
nificantly slow the progression of the disease and reduce its prevalence. At the same time, research in
regenerative medicine, cell technologies, and gene therapy is opening up the prospect of fundamentally
new treatment approaches aimed not only at compensating for, but also potentially restoring, lost en-
docrine functions.

Thus, despite the chronic and progressive nature of diabetes, the current state of medical science
and clinical practice allows us to consider it a manageable condition. Consolidated efforts by physicians,
researchers, healthcare systems, and patients themselves create the potential to reduce the burden of
the disease, improve quality of life, and increase life expectancy, which defines the strategic goal for the
further development of diabetology.
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Abstract

This scientific and analytical work presents modern world and local-regional data on incidence,
mortality, lethality and five-year survival rate of pancreatic cancer, a serious oncological disease. The
issues of etiology and pathogenesis, modern approaches and principles of complex diagnostics, prospects
for improving treatment results, as well as the prognosis are covered in detail. The epidemiological char-
acteristics of this pathology in our republic are given in the context of the regions of the country.
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Pancreatic cancer (PC) is a malignant neoplasm originating from the epithelium of the glandular
tissue or pancreatic ducts [1]. The following diagnostic criteria are identified for PC:

Complaints and anamnesis: characteristic symptoms in the clinical picture of PC include pain, jaun-
dice, itching, weight loss, loss of appetite, and fever. Pain is the most common symptom, observed in 70-
85% of patients. Pain most often occurs as a result of tumor invasion or compression of nerve trunks; less
commonly, it is caused by obstruction of the bile duct or Wirsung duct or peritoneal phenomena due to
exacerbation of concomitant pancreatitis. With head cancer, pain is felt in the right hypochondrium or
epigastric region; cancer of the body and tail is characterized by pain in the left hypochondrium and
epigastric region, but can also manifest as a pain-like sensation in the right hypochondrium. Diffuse le-
sions are characterized by diffuse pain in the upper abdomen. In some patients, the pain remains localized
in one area. In others, it radiates to the spine or interscapular region, and less commonly, to the right
scapula. Tumors that obstruct the Wirsung duct and are accompanied by pancreatitis cause paroxysmal,
encircling pain. The pain is noted to most often appear or intensify in the evening or at night, when the
patient is supine, after large, especially fatty, meals, and after drinking alcohol. The pain is more severe
with PC, especially when the tumor invades or compresses the solar plexus. In this case, the pain becomes
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extremely severe, unbearable, and may become encircling. Patients adopt a forced position, bending their
spine forward, leaning against the back of a chair, or leaning over a pillow pressed to the abdomen. This
"hook" position is quite common in patients with advanced PC. Jaundice is the most prominent symptom
of pancreatic head cancer. It occurs in 70-80% of patients. It is caused by tumor invasion of the bile duct
and bile stasis in the biliary system. It occasionally occurs with cancer of the body and tail, in which case
it is caused by compression of the common bile duct by metastases to the lymph nodes. Jaundice is rarely
the first symptom of the disease; it is often preceded by pain or weight loss. Jaundice is mechanical in
nature and develops gradually, steadily increasing in intensity. Jaundice is accompanied by discoloration
of urine and stool. Stool becomes discolored. Urine becomes brown, reminiscent of beer. Sometimes
changes in urine and stool occur before jaundice. Itching is caused by irritation of skin receptors by bile
acids. With jaundice due to PC, itching occurs in most patients. It typically occurs after the onset of jaun-
dice, most often with high bilirubin levels in the blood, but sometimes patients report itching of the skin
even before jaundice. Itching significantly worsens the patient's well-being, disturbs their peace of mind,
causes insomnia and increased irritability, and often leads to numerous scratches, the traces of which
are visible on the skin. Weight loss is one of the most significant symptoms. It is caused by intoxication
due to the developing tumor and impaired intestinal digestion due to obstruction of the bile and pancre-
atic ducts. Weight loss is observed in most patients and is sometimes the first symptom of the disease,
preceding the onset of pain and jaundice. Loss of appetite occurs in more than half of patients. An aver-
sion to fatty or meaty foods often develops. Weight loss and loss of appetite are accompanied by increas-
ing weakness, fatigue, and sometimes nausea and vomiting. A feeling of heaviness after eating and heart-
burn are sometimes observed. Bowel function is often disrupted, with flatulence, constipation, and, oc-
casionally, diarrhea. Stools are bulky, clay-gray in color, with an unpleasant, foul odor, and contain a
large amount of fat.

Physical examination: symptoms of PC are a consequence of three clinical phenomena caused by
the growing tumor: obstruction, compression, and intoxication. Compression is characterized by pain due
to the growth of or compression of pancreatic nerve trunks by the tumor. Obstruction occurs when the
growing tumor obstructs the common bile duct, duodenum, pancreatic duct, or compresses the splenic
vein. Obstruction of the common bile duct leads to biliary hypertension, which is associated with me-
chanical jaundice, pruritus, liver and gallbladder enlargement, discolored stool, and dark urine. Biliary
hypertension is a severe pathological condition that determines the patient's prognosis. It leads to dys-
function of the liver, cardiovascular and nervous systems, and metabolism, causing bradycardia, head-
ache, apathy, and increased irritability. Prolonged and intense jaundice can lead to liver and hepatorenal
failure, as well as cholemic bleeding. Tumor invasion of the duodenum leads to obstruction, clinically
resembling pyloric stenosis. The phenomenon of intoxication is manifested by weight loss, decreased ap-
petite, and general weakness. These symptoms are often observed in PC, as they are caused not only by
the influence of the tumor itself, but also by impaired intestinal digestion [1].

Laboratory tests:

1) basic: cytological examination of a biopsy of a pancreatic tumor or liver metastasis (increase in
cell size up to giant, changes in the shape and number of intracellular elements, increase in the size of
the nucleus and its contours, varying degrees of maturity of the nucleus and other cellular elements,
changes in the number and shape of nucleoli); histological examination of a biopsy specimen of a pancre-
atic tumor or liver metastasis (marked cellular polymorphism, increased cell size, pronounced hypochro-
mia, large nuclei containing one or more nucleoli, glandular structures of cancer cells in the form of ro-
settes, numerous cells in mitosis);

2) additional: immunohistochemical examination of the biopsy and surgical material for a detailed
determination of the tumor subtype; molecular genetic testing: due to the frequency of detection of mu-
tations in the BRCA1 and BRCAZ2 genes of over 5%, as well as the significant impact of these mutations
on the choice of chemotherapy regimen, their determination is advisable in all patients; a biochemical
blood test for a tumor localized in the head of the pancreas is characterized by the development of me-
chanical ("subhepatic") jaundice - laboratory tests reveal hyperbilirubinemia.

Non-specific laboratory tests or in cases when deciding on the appointment of chemotherapy, the
following are recommended: complete general (clinical) blood test, erythrocyte sedimentation rate;
blood biochemistry: total protein, glucose, bilirubin, creatinine, urea, iron, alanine aminotransferase, as-
partate aminotransferase, total bilirubin, alkaline phosphatase, plasma electrolytes (potassium, sodium,
chloride), C-reactive protein; general (clinical) urine analysis; coagulology: fibrinogen, prothrombin, inter-
national normalized ratio, prothrombin time, prothrombin index, activated partial thromboplastin time,
thrombin time; blood test for carcinoembryonic antigen, determination of the level of adenogenic cancer
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antigen CA 19-9 in order to assess the current clinical situation and, if they increase, for further monitor-
ing of the disease. A baseline assessment should be performed against the background of biliary decom-
pression, normal bilirubin levels, and resolution of inflammation. A blood test for chromogranin A is re-
quired for differential diagnosis with neuroendocrine tumors.

Instrumental examinations:

1) basic: abdominal ultrasound — primary diagnosis of pancreatic lesions; multislice computed to-
mography of the abdominal organs with bolus contrast allows for the diagnosis of PC, assessment of
vascular invasion, and identification of metastases (lymph nodes, liver, abdominal cavity); fibrogastrodu-
odenoscopy (to assess tumor spread);

2) additional: endoscopic retrograde cholangiopancreatography — is important in the diagnosis of
pancreatic and bile duct obstruction: magnetic resonance imaging with magnetic resonance cholangi-
opancreatography provides information on the condition of the pancreatic duct and bile ducts; positron
emission tomography/computed tomography is one of the most sensitive and informative methods for
assessing the extent of tumor spread in the pelvis, abdominal cavity, retroperitoneal space, chest, brain,
soft tissues, bones, and for identifying "small” tumors, relapses, and metastases.

In any sequence of instrumental research methods, it is necessary to establish the tumor nature of
changes in the pancreas and the extent of the tumor [1].

Hirabayashi K. et al. [2] note in their work that cytology is a useful method for diagnosing pancre-
atic neoplasms. Although endoscopic ultrasound-guided fine-needle aspiration has recently become the
mainstream method for the diagnosis of pancreatic neoplasms, pancreatic juice and pancreatic duct
brushing cytology continue to be useful diagnostic methods for the investigation of pancreatic neo-
plasms. Diagnoses using pancreatic cytology are primarily based on the features related to tumor cells,
however, evaluation of the background features provides important information that could further aid
the diagnosis. Pancreatic neoplasms show various histological types, each of which is associated with its
own characteristic background features. The necrotic background, desmoplastic stroma, and presence
of cancer-associated fibroblasts are background features of pancreatic ductal adenocarcinoma, a mucin-
ous background is associated with intraductal papillary mucinous neoplasms and mucinous cystic neo-
plasms, and hyaline globules are observed in solid pseudopapillary neoplasms. However, some back-
ground features are associated with more than one histological type of pancreatic neoplasm, highlight-
ing the importance to base a diagnosis on the results of a comprehensive analysis of not only the back-
ground features but also the tumor cells. The authors presented key background cytological features of
pancreatic neoplasms that can serve as a guide for improved diagnosis and research.

PC is a malignant neoplasm with an extremely poor prognosis; thus, early diagnosis and treatment
are desirable. Although the accuracy of PC diagnosis has improved in recent years due to the develop-
ment of diagnostic imaging, it is still necessary to carry out biopsy and cytology to differentiate between
benign and malignant neoplasms and to determine the histological type. Pancreatic juice cytology and
pancreatic duct brushing cytology have long been the major diagnostic methods for pancreatic neo-
plasms; however, the recent development and application of endoscopic ultrasound-guided fine-needle
aspiration (EUS-FNA) has substantially aided and improved the cytological diagnosis of pancreatic neo-
plasms. Pancreatic juice cytology and pancreatic duct brushing cytology are mainly used for investigating
neoplasms involving the large pancreatic ducts, such as pancreatic ductal adenocarcinoma (PDAC) and
intraductal papillary mucinous neoplasms (IPMNs), whereas EUS-FNA is now more commonly used for
pancreatic neoplasms that have less association with the pancreatic ducts, such as neuroendocrine neo-
plasms, acinar cell carcinoma, serous cystic neoplasms, mucinous cystic neoplasms, and solid pseudopa-
pillary neoplasms. In cytology, the diagnosis of pancreatic neoplasms is based mainly on morphological
evaluation of the tumor cells; however, background features such as the presence of necrosis or mucin
also provide important information to assist with the diagnosis. In conclusion, our colleagues point out
that there are various histological types of pancreatic neoplasms, and characteristic background features
for each type that may be useful for diagnosis have been identified. However, as certain background
features also overlap between histological types, it is important to make a comprehensive diagnosis by
carefully observing not only the background features but also the characteristics of tumor cells and atyp-
ical cells. The diagnostic utility of background features, such as necrotic background or cancer-associated
fibroblasts, in pancreatic juice cytology and/or pancreatic duct brushing cytology in early-stage PDAC
with pancreatic duct stenosis or dilation is still not well understood. Therefore, further studies on the
diagnostic utility of background findings in early-stage PDAC are needed [2].

Selvaggi S.M. in her study compared the use of fine-needle aspiration biopsy and needle biopsy for
the diagnosis of pancreatic neoplasms [3]. The author emphasizes that EUS-FNA is highly sensitive and
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specific in the detection and diagnosis of pancreatic neoplasms. EUS-guided needle core biopsy has been
used alone or as an adjunct to maximize diagnostic yield. From January 1, 2018 through December 21,
2020, the Cytopathology Laboratory processed 374 FNAs from solid pancreatic masses of which 332
(89%) had concurrent pancreatic biopsies and form the basis of this study. Of the 332 FNAs, 173 (52%)
were positive/suspicious for pancreatic adenocarcinoma, 33 (10%) were positive for a neoplasm, 20 (6%)
were atypical 19 (6%) were negative and 87 (26%) were non-diagnostic. Biopsies were concordant in
248 (75%) cases and discordant in 84 (25%) cases. Of the 84 discordant cases, 29 (35%) had neoplastic
cells on FNA of which 14 were atypical, 11 were negative and 4 were nondiagnostic on core biopsy. Of
the 18 (21%) FNAs with atypical cells, 8 showed adenocarcinoma on core biopsy. Thirty-seven nondiag-
nostic FNAs showed adenocarcinoma on 25 (70%) core biopsies. If nondiagnostic FNAs were included,
FNA sensitivity was 89% and specificity; 100%, and both were 100%, if the nondiagnostic cases were
excluded. The needle core biopsy sensitivity was 91% and specificity; 100%. Summarizing the conducted
research, the author says that both FNAs and core biopsies show high sensitivity and specificity in the
detection of pancreatic neoplasms. However, utilization of both techniques enhances cellular yields; in
particular unsatisfactory FNAs, and often provides sufficient material for ancillary tests in this era of
precision medicine [3].

In the scientific work of Lv G. et al. [4], the researchers summarized new modern knowledge on the
sequencing of individual cells in pancreatic neoplasms, taking into account the methods used, tumor het-
erogeneity and treatment methods.

According to the authors, pancreatic neoplasms, including PDAC, IPMN and pancreatic cystic neo-
plasms, are the most puzzling diseases. Numerous studies have not brought significant improvements in
prognosis and diagnosis, especially in PDAC. One important reason is that previous studies only focused
on differences between patients and healthy individuals but ignored intratumoral heterogeneity. In re-
cent years, single-cell sequencing techniques, represented by single-cell RNA sequencing (scRNA-seq),
have emerged by which researchers can analyse each cell in tumours instead of their average levels.
Based on the conducted research, the authors state that pancreatic neoplasms, especially PDAC, remain
the most complex and malignant disease due to their high heterogeneity. Single-cell sequencing benefits
from its single-cell resolution and has become the most appropriate approach to uncover the underlying
mechanisms of PDAC. Several frameworks and algorithms of single-cell sequencing have been applied,
such as copy number karyotyping of aneuploid tumors, minimally invasive adenocarcinoma and SPOT-
light, among which scRNA-seq combined with the spatial transcriptome has presented more obvious ad-
vantages. scRNA-seq enables rapid determination each cellular gene-expression patterns of thousands of
individual cells. By using this emerging sequencing technology, scientists have revealed high heterogene-
ities in cancer cells, the tumour environment, circulating tumour cells, and the progression from precan-
cerous lesions to PDAC. Immune checkpoint inhibitors have shown cooperates in many cancers; however,
PDAC is still resistant to them. Recent studies found that a few new targets and inhibitors had an obvious
ability to suppress PDAC growth when they were combined with immune checkpoint inhibitors. In con-
clusion, single-cell sequencing provides us with novel insights into intratumoral heterogeneity, subclus-
ters identification, unique genes mutations, and dynamic evolution in PDAC. However, some shortcom-
ings limit its large-scale use. As a high-throughput protocol, sScRNA-seq only captures a fraction of mole-
cules, ranging from 5% to 20% RNA physically present in cells. Meanwhile, enzymes used to obtain single-
cell suspensions can degrade RNA, which is more pronounced in PDAC. The batch effect is frequently
observed as samples are collected at different periods. These technical noises mentioned above generate
bias and make it more difficult to differentiate rare cell types. Meanwhile, there are many algorithms
and paraments for single-cell analysis that make novices too difficult to choose a correct combination.
Another limitation is the expensive cost of experiments [4].

Vicentini C. et al. [5] note that pancreatic and peri-pancreatic neoplasms encompass a variety of
histotypes characterized by a heterogeneous prognostic impact. Researchers point out that MicroRNAs
(miRNAs) are considered efficient candidate biomarkers due to their high stability in tissues and body
fluids. They applied Nanostring profiling of circulating exosomal miRNAs to distinct pancreatic lesions in
order to establish a source for biomarker development. A series of 140 plasma samples obtained from
patients affected by pancreatic ductal adenocarcinoma (PDAC, n = 58), pancreatic neuroendocrine tu-
mors (Pancreatic neuroendocrine tumours, n=42), IPMN, n =20, and ampulla of Vater carcinomas,
n = 20 were analyzed. Comprehensive miRNA profiling was performed on plasma-derived exosomes. Rel-
evant miRNAs were validated by quantitative reverse-transcription polymerase chain reaction (GRT-PCR)
and in situ hybridization (ISH). Lesion specific miRNAs were identified through multiple disease compari-
sons. Selected miRNAs were validated in the plasma by gRT-PCR and at tissue level by ISH. The
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researchers leveraged the presence of clinical subtypes with each disease cohort to identify miRNAs that
are differentially enriched in aggressive phenotypes. The authors emphasize that this study shows that
pancreatic lesions are characterized by specific exosomal-miRNA signatures. Our colleagues also pro-
vided a bioresource for future explorations aimed to understand the biological and clinical relevance of
such signatures.

Faur A.C. et al. [6] in their work they say that PC has a low incidence rate but a high mortality, with
patients often in the advanced stage of the disease at the time of the first diagnosis. If detected, early
neoplastic lesions are ideal for surgery, offering the best prognosis. Preneoplastic lesions of the pancreas
include pancreatic intraepithelial neoplasia and mucinous cystic neoplasms, with intraductal papillary
mucinous neoplasms being the most commonly diagnosed. The study focused on predicting PC by identi-
fving early signs using noninvasive techniques and artificial intelligence (Al). A systematic English litera-
ture search was conducted on the PubMed electronic database and other sources. Our colleagues ob-
tained a total of 97 studies on the subject of pancreatic neoplasms. The final number of articles included
in this study was 44, 34 of which focused on the use of Al algorithms in the early diagnosis and prediction
of pancreatic lesions. Al algorithms can facilitate diagnosis by analyzing massive amounts of data in a
short period of time. Correlations can be made through Al algorithms by expanding image and electronic
medical records databases, which can later be used as part of a screening program for the general pop-
ulation. Al-based screening models should involve a combination of biomarkers and medical and imaging
data from different sources. This requires large numbers of resources, collaboration between medical
practitioners, and investment in medical infrastructures.

As the researchers note to improve the clinical management and prognosis for patients with PC,
new diagnostic methods should be developed to identify precursor lesions. Al is a tool that can offer a
personalized approach in this regard by analyzing a large quantity of heterogeneous data and can also
help in decision-making, increasing the prediction accuracy for an early diagnosis. As for future prospects,
the authors conclude that for PC, a cost-effective screening method for early lesions is needed. Al models
developed for a diverse group of patients from high-risk PDAC cohorts belonging to broad datasets from
different sources can be of great use for improving PDAC treatment outcomes and enhancing diagnostic
precision. Al methods represent a needed step to reach a standardized interpretation of patient data and
investigations while reducing human bias or error. For this, a wide range of data from different sources
is necessary. All of these data have a central role in training Al methods in diagnosing PC and establishing
the most accurate algorithm to be used for such a diagnosis. Correlations can be made through Al algo-
rithms by expanding the image and electronic medical record databases, which will significantly improve
the diagnostic accuracy and provide an early diagnosis for PC patients, thereby producing a better prog-
nosis and more effective therapy. Al creates a common ground in diagnosing PC that can be standardized
and used for the general population. Such an Al model should contain a combination of biomarkers, med-
ical data, and imaging data obtained by alternating computed tomography, endoscopic ultrasound-
guided, and magnetic resonance imaging testing so that maximized accuracy and early diagnosis with
noninvasive techniques can be achieved. The coronavirus disease 2019 pandemic has produced a model
for forming an international infrastructure that can be studied with Al algorithms and even used for
predicting and early diagnosing cancers. The collaboration between scientists and academic centers has
shown that humans from different countries and continents can work together to share information in
a common attempt to save lives while creating a vast database. This will require resources, global soli-
darity, and support investment in medical infrastructures worldwide. However, the need to develop
health infrastructure and multidisciplinary research studies is crucial, as the pandemic situation has al-
ready shown [6].

Conducted analysis [6] of the current diagnostic methods for detecting PC noninvasively with an
emphasis on early lesions has revealed a series of common features and limitations: published studies
about predicting early lesions in PC are lacking. For PC diagnosis, noninvasive tests such as imaging, tu-
mor marker analysis, and population-based studies can be used to train Al algorithms to identify features,
patterns, and subtle changes that can help classify pancreatic lesions and build predictive models that
can improve the awareness of the risk of pancreatic neoplasia. Published studies typically included only
small samples from a limited number of cases. The analysis of these studies focused mostly on just one
type of investigation (radiomics features, personal data, biomarkers, or genomic features without making
correlations between all the data that a physician analyses for a diagnosis of PC in a specific patient). A
high percentage of the studies only performed internal validation, so bias and overfitting can constitute
a problem when generalizing their conclusions. Commonly, for machine diagnosis, the mechanism that
generates the output is not clearly explained, so assessing how a specific Al algorithm makes its final
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diagnosis remains controversial. Al algorithms for assessing pancreatic volumes with and without tumors
are time- and cost-consuming that are usually run manually and in direct relation with the radiologist’s
experience. Finding an Al-driven automated volumetric segmentation algorithm is difficult because of
the variations in shape, the shallowness of the boundaries, and the small size of the pancreas. Pancreatic
tumors smaller than 2 cm frequently have inconspicuous borders with high similarity to the surrounding
tissues on radiomics analysis, making early lesion diagnosis challenging. However, Al methods have the
potential to improve accuracy and support clinical decisions for the preoperative diagnosis of pancreatic
lesions and to aid in the surgical management and prognosis of PC.

Hsieh M.J. et al. [7] in their study note that PC is a highly lethal malignancy due to the cancer
routinely being diagnosed late and having a limited response to chemotherapy. PDAC is the most com-
mon form of pancreatic malignant tumor, representing more than 85% of all PCs. In the present study,
authors characterized the phenotypes of concomitant P53 and adenomatous polyposis coli (APC) muta-
tions in pancreatic neoplasms driven by the oncogene Kirsten Rat Sarcoma Viral Oncogene Homolog
(KRAS) in genetically modified mice (GEMM). In this GEMM setting, APC haploinsufficiency coupled with
P53 deletion and KRASG12D activation resulted in an earlier appearance of pancreatic intraepithelial
neoplasia lesions and progressed rapidly to highly invasive and metastatic PDAC. Through a microarray
analysis of murine PDAC cells derived from our APC-deficient PDAC model, the researchers observed that
APC loss leads to upregulated CD34 expression in PDAC. CD34 is a member of a family of single-pass
transmembrane proteins and is selectively expressed in hematopoietic progenitor cells, vascular endo-
thelial cells, interstitial precursor cells, and various interstitial tumor cells. However, the functional roles
of CD34 in PC remain unclear. Thus, in this study, our colleagues explored the mechanisms regarding
how CD34 promotes the deterioration of pancreatic malignancy. These results demonstrated that the
increased expression of CD34 induced by APC inactivation promotes the invasion and migration of PDAC
cells, which may relate to PDAC metastasis in vivo. Collectively, this study provides first-line evidence to
delineate the association between CD34 and the Wingless / Int-1 signaling (APC/Wnt) pathway in PDAC,
and reveals the potential roles of CD34 in PDAC progression.

The authors' analysis revealed that CD34 is predominantly expressed on hematopoietic progenitor
cells and endothelial progenitors, and has been widely used as a stem and progenitor cell marker. The
results of the present study provided important evidences revealing the association between CD34 and
the APC/Wnt pathway in PDAC, and authors demonstrated the potential roles for CD34 upregulation
induced by APC inactivation in promoting PDAC cell growth, migration and invasion. Moreover, because
CD34 is thought to be a biomarker for stem cells to maintain self-renewal and proper stemness, CD34
could be a novel drug candidate for the treatment of PDAC harboring APC mutations [7].

Huang B. et al. [8] devoted their scientific research to the study of IPMN. IPMNs are a commonly
identified non-invasive cyst-forming pancreatic neoplasms with the potential to progress into invasive
pancreatic adenocarcinoma. There are few in vitro models with which to study the biology of IPMNs and
their progression to invasive carcinoma. Therefore, authors generated a living biobank of organoids from
7 normal pancreatic ducts and 10 IPMNs. The researchers characterized 8 IPMN organoid samples using
whole genome sequencing and characterized 5 IPMN organoids and 7 normal pancreatic duct organoids
using transcriptome sequencing. Our colleagues identified an average of 11,344 somatic mutations in
the genomes of organoids derived from IPMNs, with one sample harboring 61,537 somatic mutations
enriched for T->C transitions and T->A transversions. Recurrent coding somatic mutations were identi-
fied in 15 genes, including KRAS, GNAS, RNF43, PHF3, and RBM10. The most frequently mutated genes
were KRAS, GNAS, and RNF43, with somatic mutations identified in 6 (75%), 4 (50%), and 3 (37.5%)
IPMN organoid samples respectively. On average, they identified 36 structural variants in IPMN derived
organoids, and none had an unstable phenotype (>200 structural variants). Transcriptome sequencing
identified 28 genes differentially expressed between normal pancreatic duct organoid and IPMN organ-
oid samples. The most significantly upregulated and downregulated genes were CLDN18 and FOXAT.
Immunohistochemical analysis of FOXA1 expression in 112 IPMNs, 113 mucinous cystic neoplasms, and
145 pancreatic ductal adenocarcinomas demonstrated statistically significant loss of expression in low-
grade IPMNs (p < 0.0016), mucinous cystic neoplasms (p < 0.0001), and pancreatic ductal adenocarci-
noma of any histologic grade (p < 0.0001) compared to normal pancreatic ducts. These data indicate
that FOXA1 loss of expression occurs early in pancreatic tumorigenesis. As the authors note, this study
highlights the utility of organoid culture to study the genetics and biology normal pancreatic duct and
IPMNSs.

In this study, our colleagues generate a living biobank of organoids derived from 7 normal human
pancreatic ducts and 10 human IPMN samples. They also present the characterization of somatic
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alterations in these IPMN organoids using whole genome sequencing. Furthermore, the researchers use
transcriptomic sequencing to identify genes differentially expressed between normal pancreatic duct and
IPMN organoids. The authors emphasize that their study documents a biobank of IPMN and normal pan-
creatic duct organoids, characterized by genomic and transcriptomic sequencing, a unique resource for
the interrogation of these precancerous lesions. Using whole genome sequencing and RNA-Seq they iden-
tified potential drivers of IPMN tumor development. These included 12 genes with recurrent somatic
mutations and 28 genes that were differentially expressed when compared to normal pancreatic duct.
The obtained results demonstrate that organoid culture is an effective tool for analyzing small precursor
lesions at — omics scale to identify critical molecular alterations in precious human tissue samples [8].

Jain M. et al. [9] in their work say that Cell-free DNA (cfDNA) analysis-based liquid biopsy is a rap-
idly emerging diagnostic and prognostic tool in PDAC. KRAS point mutations are the main biomarkers
used for the detection of tumor cfDNA. However, there is another less studied yet frequent genetic alter-
ation in this gene, namely copy number gain (CNG). The aim of this study was to evaluate the diagnostic
and prognostic potential of KRAS CNG analysis in plasma and bile of patients with PDAC using droplet
digital polymerase chain reaction (ddPCR). This study included healthy volunteers (n = 69), patients with
PDAC (n = 94), and other pancreatic neoplasms (OPN) (n = 17). The sensitivity and specificity of KRAS
CNG compared to the control group were 16% and 100% (AUC-ROC - 0.580), and compared to the OPN
group, 16% and 94% (AUC-ROC - 0.554), respectively. Addition of KRAS point mutations to the analysis
increased the sensitivity to 65% (AUC-ROC - 0.824 and 0.801, respectively). Bile exhibited an equal KRAS
CNG detection rate compared to plasma (20% vs. 16%). KRAS CNG was not associated with clinical pa-
rameters, except prognosis. The probability of survival was worse in patients with KRAS CNG (hazard
ratio - 3.54; 95% confidence interval: 1.55-8.12; p = 0.001). KRAS CNG in ¢/[DNA might be a promising
biomarker for both diagnostic and prognostic purposes in PDAC.

In the course of the study, the authors state that copy number variants are an important yet un-
derexplored aspect of cancer molecular biology. This exploratory study has demonstrated that not only
are they detectable in cell-free DNA (cfDNA) of plasma and bile, but also they might be relevant to pre-
dicting poor survival in PDAC patients. The prognostic potential of KRAS CNG in plasma cfDNA, especially
in combination with point mutations in this gene, might be useful to guide therapeutic decisions, for
example, to identify patients requiring neoadjuvant chemotherapy or those who may benefit from addi-
tional imaging prior to treatment. However, the clinical implications of this kind of cftDNA analysis re-
quire further investigation. The ddPCR assay for KRAS CNG analysis presented in this work might be easily
reproduced in any laboratory equipped with a ddPCR instrument, and our colleagues hope that it will be
useful for future studies on the topic in PDAC and beyond [9].

An interesting study was conducted by Angerilli V. et al. [10]. They analyzed a cohort of 49 high-
grade gastro-entero-pancreatic neoplasms (HG GEP-NENs) by targeted Next-Generation Sequencing
(TrueSight Oncology 500), RNA-seq, and immunohistochemistry for p53, Rb1, SSTR-2A, and PD-L1. As
the authors note HG GEP-NENSs can be stratified according to their morphology and Ki-67 values into
three prognostic classes: neuroendocrine tumors grade 3 [(neutrophil extracellular traps (NETs) G3)],
neuroendocrine carcinomas with Ki-67 < 55% [(neuroendocrine carcinomas (NECs) <55)] and NECs with
Ki-67 = 55% (NECs 255). Frequent genomic alterations affected TP53 (26%), APC (20%), KRAS and MEN 1
(both 11%) genes. NET G3 were enriched in MEN1 (p = 0.02) mutations, while both NECs groups were
enriched in TP53 (p=0.001), APC (p = 0.002) and KRAS (p = 0.02) mutations and tumors with TMB > 10
muts/Mb (p=0.01). No differentially expressed (DE) gene was found between NECs <55% and NECs
>55%, while 1129 DE genes were identified between NET G3 and NECs. A slight enrichment of CD4+ and
CD8+ T cells in NECs and of cancer-associated fibroblasts and macrophages (M2-like) in NET G3. Multi-
variate analysis identified histologic type and Rb1 loss as independent prognostic factors for overall sur-
vival. This study showed that GEP-NET G3 and GEP-NECs exhibit clear genomic and transcriptomic dif-
ferences, differently from GEP-NECs <55% and GEP-NECs >55%, and provided molecular findings with
prognostic and potentially predictive value.

Mazer B.L. et al. [11] in their fundamental study emphasize that most patients with PC present
with advanced stage, incurable disease. However, patients with high-grade precancerous lesions and
many patients with low-stage disease can be cured with surgery, suggesting that early detection has the
potential to improve survival. While serum CA19-9 has been a long-standing biomarker used for PC dis-
ease monitoring, its low sensitivity and poor specificity have driven investigators to hunt for better diag-
nostic markers. In their work, our colleagues examined the latest advances in genetics, proteomics, im-
aging, and artificial intelligence, which offer opportunities for the early detection of curable pancreatic
neoplasms. As an expert on this work notes, from exosomes, to circulating tumor DNA, to subtle changes
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on imaging, we know much more now about the biology and clinical manifestations of early pancreatic
neoplasia than we did just five years ago. The overriding challenge, however, remains the development
of a practical approach to screen for a relatively rare, but deadly, disease that is often treated with com-
plex surgery. It is our hope that future advances will bring us closer to an effective and financially sound
approach for the early detection of PC and its precursors.

The authors'analysis revealed that at first glance, PC seems to be an ideal target for screening and
early detection. It is a highly lethal cancer, and most patients do not develop signs and symptoms until
late in the course of their illness. A variety of methods have been developed to screen for early disease.
From blood CA19-9 levels to circulating tumor DNA, each method has advantages and disadvantages,
and it is likely that the best approach will incorporate multiple complementary modalities. It is also likely
that artificial intelligence, whether applied to electronic patient medical records or to image analysis,
will play a role in identifying the highest risk individuals. Screening for PC, however, must take into ac-
count the rarity of the disease in the general population, the costs of false positive test results, and the
real potential for overtreatment of low-risk lesions.

According to an expert on this study if we wait until patients develop symptoms from PC, most will
die within months of their diagnosis. There are, however, a number of potential approaches to the earlier
diagnosis of PC and its precursors in asymptomatic individuals. The unresolved challenge is that none of
the existing approaches have the sensitivity and specificity needed to effectively screen the general pop-
ulation. While combining tests can improve sensitivities, even these combinations fall short. Existing ap-
proaches to screening, therefore, have to be focused on populations at greatest risk of the disease. To-
wards this end, screening efforts to date have targeted individuals with a strong family history of PC or
a known pathogenic germline variant that predisposes to PC. Other groups with a heightened cancer risk
that have not yet been clinically targeted include cigarette smokers, obese individuals, and adults with
new onset diabetes mellitus. Screening programs that target high-risk groups and utilize imaging modal-
ities like magnetic resonance imaging and endoscopic ultrasound have generated promising results.
These programs, however, have thus far been relatively expensive and limited in scope [11].

Al has the potential to be a significant advance. Al-based algorithms can be applied to medical
records and to imaging. Al-based algorithms can be trained to scour electronic patient medical records
and imaging scans for subtle patterns, which may not be recognizable to the human eye, yet that indicate
an increased risk of PC. Clinicians could then be alerted and even guided on the best ways to evaluate
their patients further. Al-based algorithms have already been built that can evaluate computed tomog-
raphy and other scans for subtle changes caused by low-stage, curable, pancreatic neoplasms. These al-
gorithms could quietly run in the background, evaluate the millions of computed tomography and other
scans that are already being performed for other indications, and have the potential to identify changes
in the pancreas that radiologists could easily miss in their day to day practice. Again, the program could
alert the radiologist to look more closely at the images of the pancreas, and even suggest the best next
steps to evaluate the subtle Al-detected changes. This approach has the advantage of not requiring ad-
ditional testing until an abnormality is discovered. But enthusiasm about Al technologies must be tem-
pered by the yet unproven real-world benefit and privacy concerns of these tools.

The growing emphasis on early detection of PC and its precursors should be balanced with a con-
sideration of the costs and harms of screening. Costs are incurred during acquisition of the screening
cohort, initial testing, confirmatory imaging and biopsies, surgery and other treatments, and post-treat-
ment follow up and care. Screening can also cause serious patient harm. This harm includes the psycho-
logical stresses that individuals will feel when they are told that they are at increased risk, the worries
from an initial result, and the medical complications that can occur from unnecessary biopsies and sur-
geries. The pancreas lies deep in the abdomen, and surgical resection of the head of the gland (the pan-
creatoduodenectomy) is associated with a 1-2% operative mortality rate and significant incidence. If this
surgery is done for a false positive screening test or low-risk precursor lesion, we have done significant
harm to the individual.

As the researchers look forward to the next five to ten years, authors hope that new technical
advances will improve the sensitivity and specificity of screening for PC. Our colleagues also anticipate a
better understanding of who is at risk, and of which groups will benefit most from screening. The devel-
opment of new Al-based tools might improve screening approaches and help refine the identification of
at-risk populations. The challenge, then, will be to fulfill these goals in a cost-effective manner that min-
imizes patient harm and to prove, prospectively and rigorously, the real-world value of these interven-
tions before widespread implementation [11].

Now, regarding this pathology in our country at the national level. The incidence of PC in the
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Republic of Kazakhstan in 2023 was 6.5 per 100,000 population (6.0 in 2022), with a growth rate of
7.6% compared to the previous year. It ranked 8th among all nosological forms of malignant neoplasms,
accounting for 1,290 cases in absolute numbers (1,175 cases in the previous year). The proportion of
cases diagnosed for the first time, recorded by oncology organizations, was 3.5% (3.3% in 2022), moving
up one place from 12th place to 11th place. In this case, 631 men fellill (the proportion is 3.9%), women
— 659 (the proportion is 3.2%) [12].

The rate of PCa above the national average was established in 10 regions of the country: Kostanay
— 11.3 (the maximum rate); North Kazakhstan — 10.7; Pavlodar — 10.6; East Kazakhstan and Abay — 10.0;
West Kazakhstan — 9.1; Karaganda — 8.4; Akmola — 8.1; Zhetysu — 7.9 regions and the city of Almaty —
7.3. This indicator is below the national average in the remaining 10 regions: Turkestan — 3.1 (the lowest
rate); Mangistau — 3.3; Kyzylorda and Almaty — 3.8, Zhambyl - 4.2; Atyrau - 5.0; the city of Shymkent -
5.2; Ulytau - 5.9; Aktobe - 6. 1 regions and the city of Astana - 6.3 per 100,000 population.

The mortality rate from this pathology was 4.1 per 100,000 population with a growth rate of 5.7%
compared to the previous year (3.8 in 2022).

The regions where the mortality rate from PC is above the national average (4.1 per 100,000 pop-
ulation) include: East Kazakhstan - 7.3 (the highest level); Abay and Akmola - 6.6; Pavlodar and Kostanay
- 6.4; West Kazakhstan - 5.6, the city of Almaty - 4.9, Karaganda - 4.6, the city of Astana - 4.5. The North
Kazakhstan region is on par with the national average. The lowest rates are recorded in the Atyrau and
Turkestan regions - 2.3, followed by: Aktobe, Kyzylorda and Mangistau - 2.6; the city of Shymkent - 2.8;
Zhambyl - 2.9; Almaty - 3.0, Ulytau - 3.2; Zhetysu - 3.9 regions per 100,000 population [12].

The one-year lethality rate was 52.1% (51.0% in 2022), which is the highest percentage among all
nosological forms of malignant tumors; every second patient dies in the first year after the diagnosis of
this formidable disease. Moreover, the ratio between the one-year lethality and advanced stage (stage
IV)was 1.5 (in 2022 - 1.4). At the same time, we recall that the value furthest from “1”is the worst ratio
between the one-year lethality and neglect rates.

Now, regarding preventive examinations. It should be noted that during large-scale preventive ex-
aminations of the population in 2023, significantly more patients with malignant neoplasms were ac-
tively identified than in 2022. This is 25,193 patients compared to 23,623 patients identified in 2022,
ie., +6.6%. This is due to the continued easing of the epidemiological situation due to the coronavirus
and the increased availability of preventive care for the population. The proportion of patients identified
during preventive examinations increased from 62.0% to 62.4% of the total number of patients identified
for the year.

Of course, early diagnosis rates are very important when analyzing the epidemiological situation.
Overall, of all cancer cases detected in all locations, the proportion of forms detected in the early stages
(stages 0, I-ll) increased in 2023 from 66.3% to 67.9%.

Regarding PC, the early detection rate of this pathology during preventive examinations increased
from 27.9% to 34.0%. The absolute number of patients with PC identified during preventive examina-
tions was 574 (577 in the previous year). Of these, 195 were in the early stages (compared to 161 in
2022).

The regions where the proportion of patients with early stage | of the pathology in question is above
the national average (4.5% and 4th place among the worst indicators only after liver cancer (3.8%),
nasopharynx (3.7%) and laryngopharynx (2.7 % - the worst indicator) include the following regions: North
Kazakhstan - 16.1%, (the best indicator); Kyzylorda - 12.5%; Zhambyl - 11.8%; Zhetysu - 9.4; Atyrau - 8.8;
Abay - 8.3%; Turkestan - 6.2%, the city of Astana - 5.9%, West Kazakhstan - 5.3%.

The lowest indicators of early diagnosis were recorded in: Almaty, Mangistau, Ulytau regions and
the city of Shymkent - not a single patient (0.0% is the worst indicator). They are followed by the follow-
ing regions: Kostanay - 1.1%, Karaganda - 1.2%, East Kazakhstan - 1.6%, Aktobe - 1.8%,; Akmola - 3.3%;
Pavlodar and the city of Almaty - 2.5% [12].

The regions where the proportion of patients with PC detected at stages I-Il is above the national
average (26.6%) include the following regions. North Kazakhstan region stands out separately, where
every second patient was detected in the early stages of the disease - 55.4%. Then come: Atyrau - 38.2%;
Zhambyl - 35.3%, Zhetysu - 32.1%; Kyzylorda - 31.3%, Kostanay and Abay - 30.0; Aktobe - 26.8% of the
regions. Low rates of early diagnosis were recorded in Ulytau - 7.7% (the worst result in the country);
Mangistau - 11.5%,; Almaty - 18.2%; the city of Shymkent - 18.3%, Turkestan - 18.5%, West Kazakhstan
- 21.1%, East Kazakhstan - 22.6%, Pavlodar - 24. 1%, the city of Astana - 24.7 %, Akmola - 25.0%, the city
of Almaty - 25.3%, Karaganda - 25.6% regions [12].

As the data above clearly demonstrates, there is a significant range in early diagnosis rates across
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the country, from very good to alarming. While migration and other factors influencing early diagnosis
rates must be taken into account, the results obtained provide a reason for oncologists, endocrinologists,
radiologist, ultrasound technician, and general practitioners to continue to improve. Improving early di-
agnosis rates for malignant tumors remains a fundamental tenet and a key objective of medicine as a
whole, and remains a pressing issue today.

The proportion of stage IV PC among all malignant neoplasms was 36.5%, ranking first among all
malignant neoplasms in the country. Overall, in 2023, the proportion of stage IV malignant neoplasms
across the republic, across all nosologies, decreased from 12.58 to 11.7% (from 4,790 to 4,735 patients).
Naturally, this was due to other tumor localizations.

As for the average national indicator of the proportion of stage IV (36.5%,), the North Kazakhstan
region stands out against this background - 14.3%, followed by the following regions: the city of Almaty
(25.9%); Zhetysu (26.4%); Atyrau (26.5%); Almaty (27.3%); Aktobe (30.4%); Pavlodar (32.9%); the city
of Shymkent, West Kazakhstan and Zhambyl regions (33.3%); Mangistau (34.6%); East Kazakhstan
(35.5%); Kyzylorda (40.6%); the city of Astana (41.2%); Akmola (45.0%); Kostanay (46.7%); Karaganda
(48.8%). The most deplorable situation with neglect is in three regions of our country: Turkestan (52.3%);
Abay (55.0%); and Ulytau (69.2%).

The total number of patients with malignant neoplasms registered with specialized oncology or-
ganizations of the republic continued to increase and by the end of 2023 amounted to 218, 186 people,
with an increase of 6.0% compared to the previous year (2022 — 205,822, +5.8%,). The overall incidence
rate of malignant neoplasms increased by 3.9%, from 1,055.3 to 1,096.4 per 100,000 population. This
increase is due to both increased incidence and detection of the disease, as well as increased cancer
patient survival.

Furthermore, statistical data on patients diagnosed with malignant neoplasms who have been un-
der observation for 5 years or more and who continue to be monitored in 2023 showed that the number
of patients under observation by oncology organizations in Kazakhstan for over five years continued to
grow, reaching 117,616 at the end of the reporting year, an increase of 6.2% (2022: 110,790, an increase
of 6.6%) (Form No. 7).

Another important clinical aspect worth noting is the coverage of patients diagnosed with PC in
the Republic of Kazakhstan with specialized treatment.

In 2023, the number of hospitalizations for all types of malignant tumors in the country's oncology
organizations amounted to 108,252 cases (2022: 101,095), representing a 7.1% increase compared to
the previous year. This is due to the steady growth of the cancer patient population, improved standard-
ization of oncology care, and the development of palliative and restorative services.

At theend of 2023, the absolute number of PC patients who completed specialized treatment was
338, with 384 patients continuing treatment. The following results were obtained in percentages by
treatment methods and types. The overwhelming majority of patients received comprehensive treatment
(57.1%), drug treatment alone (19.8%), surgery alone (19.2%), radiation therapy alone (0.6%), and
chemoradiation (0.3%).

Next, regarding five-year patient survival. As for PC, at the end of 2023, 1,270 people were regis-
tered for follow-up care, or 6.4 per 100,000 population (at the end of 2022, 1,156 patients, or 5.9 per
100,000 population, respectively).

Moreover, in terms of mortality, PC has held the lead for many years. The mortality rate among
observed cohorts in 2023 was 63.6%.

The five-year survival rate for patients with PC was 30.2% in 2023, which is lower than the previous
vear; in 2022 -31.7% [12].

In summary, despite the increasing effectiveness of preventive screenings and improved early de-
tection rates, PC continues to experience a relatively high incidence of new cases each year, with a five-
vear survival rate of only 30.2%, meaning only one in three survives the five-year mark. The paucity, var-
iability, and subtlety of symptoms, along with their similarity to various non-core conditions, contribute
to the neglect and progression of the disease, even during regular follow-up. This requires oncologists,
primary care providers, and, of course, endocrinologists, radiologists, and ultrasound specialists to in-
crease cancer awareness, inform the public about early symptoms that may indicate this pathology or
the onset of proliferative changes, and implement high-tech diagnostic procedures, including for the pur-
pose of differential diagnosis and, consequently, timely treatment. People at risk are advised to visit spe-
cialized specialists annually and, if necessary, undergo screening.

An epidemiological assessment of the PC situation in our country shows that there are sometimes
significant regional differences not only in incidence rates but also in early diagnosis and mortality rates.
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Therefore, this pathology continues to be a serious problem in modern clinical oncology.
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Abstract

The development of intercultural communicative competence has become one of the primary ob-
Jectives of contemporary foreign language education. However, the integration of cultural content into
English as a Foreign Language (EFL) instruction often remains fragmented and insufficiently methodo-
logically grounded. This study investigates the pedagogical potential of toponymic phraseological units
as a means of fostering intercultural competence in the EFL classroom. Toponymic phraseological units,
which incorporate geographical names into idiomatic expressions, function as carriers of historical
memory, sociocultural values, and symbolic meanings. Using a mixed-method research design, the study
evaluates the effectiveness of a six-week instructional module implemented with undergraduate EFL stu-
dents. The findings indicate that systematic analysis of such phraseological units significantly enhances
students’ cultural awareness, interpretative skills, and symbolic competence. The article argues that top-
onymic phraseological units represent an effective linguodidactic resource for integrating language and
culture in a coherent pedagogical framework.

Keywords: intercultural communicative competence, phraseological units, toponyms, EFL method-
ology, sociocultural competence, symbolic meaning.

Introduction

The rapid expansion of intercultural communication in the context of globalization has trans-
formed the aims of foreign language education. Language is no longer regarded merely as a grammatical
system or a set of lexical units; rather, it is understood as a complex sociocultural phenomenon embedded
in historical experience, collective memory, and symbolic representation. Consequently, the formation of
intercultural communicative competence (ICC) has become a central objective in EFL classrooms world-
wide.

Despite the recognition of intercultural competence as an essential educational goal, practical
mechanisms for its systematic development remain insufficiently elaborated. Cultural instruction is fre-
quently reduced to the presentation of isolated facts about traditions, customs, or national holidays.
Such an approach often fails to integrate linguistic and cultural dimensions in a meaningful way. As a
result, students may acquire linguistic accuracy without developing the interpretative and reflective skills
necessary for effective intercultural communication.

Phraseological units constitute one of the most culturally marked layers of vocabulary. They reflect
national worldview, encode historical events, and preserve collective experiences in condensed linguistic
form. Among them, toponymic phraseological units (TPUs) are particularly significant because they con-
tain geographical names that function as cultural symbols. Expressions such as when in Rome, do as the
Romans do, meet one’s Waterloo, and carry coals to Newcastle illustrate how place names become em-
bedded in metaphorical meanings that extend beyond their literal geographical reference.

The present study seeks to explore the pedagogical value of toponymic phraseological units in de-
veloping intercultural competence among EFL learners. It addresses the following research questions:

1. In what ways do toponymic phraseological units contribute to the formation of intercultural
competence?

2. How can such units be methodologically integrated into EFL instruction?

3. What measurable changes occur in students’ intercultural awareness after systematic exposure
to TPUs?

Methods

This study employed a mixed-method research design combining quantitative and qualitative ap-
proaches. The use of both methods ensured a comprehensive analysis of instructional effectiveness and
allowed for triangulation of data.
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The research was conducted at al-Farabi Kazakh National University and involved 40 second-year
undergraduate students majoring in foreign languages. The participants possessed intermediate (B1-B2)
English proficiency levels. They were divided into two groups: an experimental group (20 students) and a
control group (20 students). Both groups followed the same general curriculum,; however, only the ex-
perimental group participated in the specialized instructional module focusing on toponymic phraseolog-
ical units.

The experimental group completed a six-week instructional module specifically designed to inte-
grate toponymic phraseological units into communicative language teaching. Each week focused on a
thematic cluster of TPUs linked to historical events, cultural norms, or national symbols.

Instructional activities included semantic analysis of idiomatic meaning, etymological commen-
tary, cultural-historical contextualization, comparative analysis between English and Kazakh phraseolog-
ical units, role-play scenarios, and reflective discussions. Students were encouraged to explore the sym-
bolic meanings embedded in geographical names and to examine how these meanings shape communi-
cative interpretation.

For example, in analyzing the expression when in Rome, do as the Romans do, students examined
the symbolic representation of Rome as a center of authority and tradition. The discussion extended be-
yond literal translation to include the concept of cultural adaptation and behavioral norms in intercul-
tural contexts.

Similarly, the phrase meet one’s Waterloo was studied through exploration of its historical origins
and metaphorical transformation into a symbol of decisive defeat. Students reflected on how historical
events become embedded in collective consciousness and subsequently reflected in language.

The expression carry coals to Newcastle provided an opportunity to analyze how industrial history
shapes metaphorical meaning. Students investigated why Newcastle became associated with coal pro-
duction and how this association generated an idiom expressing redundancy or unnecessary action.

The control group studied vocabulary through traditional lexical exercises without systematic cul-
tural commentary or comparative analysis.

Data were collected using pre- and post-tests designed to measure intercultural awareness, inter-
pretative ability, and understanding of culturally marked expressions. In addition, qualitative data were
gathered through reflective journals, classroom observation, and semi-structured interviews.

The pre-test and post-test included scenario-based tasks requiring students to interpret phraseo-
logical units within communicative contexts. Reflective journals encouraged students to articulate their
evolving understanding of cultural symbolism and linguistic meaning.

Quantitative data were analyzed using comparative statistical methods to determine significant
differences between pre- and post-test results in both groups. Qualitative data were subjected to the-
matic analysis, focusing on categories such as cultural awareness, interpretative depth, reduction of lit-
eralism, and symbolic competence.

Results

The results demonstrate a clear positive impact of the instructional module on the development of
intercultural competence in the experimental group (Table 1).

Table 1— Pre-Test and Post-Test Scores on Intercultural Competence (0—100 scale)

Group N | Pre-Test Mean (SD) | Post-Test Mean (SD) | Mean Gain | t-value | p-value
Experimental | 20 62.4(6.8) 81.7(5.9) +19.3 9.21 <.001
Control 20 63.1(7.2) 68.2 (6.5) +5.1 2.14 .045

Table 2 — Between-group comparison of gain scores
Group Mean Gain | SD | t-value | p-value | Effect Size (Cohen’s d)
Experimental 19.3 62| 687 | <.001 1.54 (large effect)
Control 5.1 5.8 - -

Both groups began the study at comparable baseline levels (62.4 in the experimental group and
63.1 in the control group), indicating initial group equivalence prior to the intervention. Following the
six-week instructional module, the experimental group demonstrated substantial improvement, with a
mean gain of (+19.3) points, reflecting significant development of intercultural interpretative skills and
deeper understanding of culturally embedded meanings. In contrast, the control group showed only mi-
nor progress (+5.1 points), which may be attributed to general language exposure rather than systematic
cultural instruction. The large effect size (Cohen’s d = 1.54) further confirms the high pedagogical effec-
tiveness of the TPU-based module, while the statistical significance level (p < .001) indicates that the
observed differences between groups are unlikely to have occurred by chance (Table 2).

The experimental group showed statistically significant improvement in post-test scores compared
to pre-test results. Students demonstrated enhanced ability to interpret culturally embedded meanings,
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identify historical references, and explain metaphorical extensions of toponymic elements. In contrast,
the control group showed only minimal improvement, primarily limited to lexical recognition rather than
cultural interpretation.

The difference between groups suggests that systematic integration of toponymic phraseological
units contributes not only to vocabulary expansion but also to deeper intercultural understanding.

Reflective journals revealed substantial growth in students’ cultural awareness. Initially, many par-
ticipants attempted literal translations of phraseological units without considering historical or symbolic
context. After the instructional intervention, students increasingly referred to cultural background
knowledge and demonstrated greater sensitivity to pragmatic appropriateness.

Interviews confirmed that students perceived phraseological units as “cultural bridges” connecting
language with history and identity. Classroom observation indicated higher engagement levels, increased
participation in discussions, and more critical reflection on intercultural differences.

Discussion

The findings of this study confirm that toponymic phraseological units function as effective tools
for integrating linguistic and cultural dimensions in EFL instruction. Unlike isolated cultural facts, TPUs
embody culture within language itself, enabling simultaneous development of lexical competence and
intercultural awareness.

Toponymic elements serve as cognitive anchors linking linguistic expression to geographical space,
historical events, and collective memory. Through analysis of such units, learners engage in interpretative
processes that go beyond surface-level comprehension. They learn to decode implicit cultural meanings
and to recognize the symbolic power of language.

Moreover, comparative analysis between English and Kazakh phraseological systems enhances
metacultural reflection. Students become aware not only of differences between cultures but also of
shared mechanisms of metaphorization and symbolic representation. This awareness contributes to the
development of intercultural mediation skills.

The results also suggest that phraseological competence is inseparable from intercultural compe-
tence. The ability to interpret and appropriately use idiomatic expressions reflects deeper understanding
of cultural context and pragmatic norms.

Conclusion

This study demonstrates that the systematic integration of toponymic phraseological units into
EFL instruction significantly enhances the formation of intercultural communicative competence. By ex-
ploring the cultural and historical dimensions embedded in geographical names, students develop inter-
pretative flexibility, symbolic competence, and cultural sensitivity.

Toponymic phraseological units represent a valuable linguodidactic resource capable of bridging
language and culture in a coherent pedagogical framework. Their use encourages reflective learning,
critical thinking, and deeper engagement with linguistic meaning.

Future research may extend this model to different educational contexts, proficiency levels, and
languages, as well as investigate long-term effects on intercultural communicative performance.
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Abstract

This article explores linguoculturology—the field that studies the interrelations between language
and culture. The authors share their perspectives on the topic and analyze existing theories and scholarly
works. The subject is closely linked to cultural studies. It is noted that linguoculturology is one of the main
directions of national linguistics, and recent research shows that it has already emerged as an independ-
ent scientific discipline. New aspects arising at the intersection of language and culture lead to various
approaches and diverse conclusions, reflecting scientific continuity and inheritance within the field. In
foreign linguistics, scholars who have studied this area include Wilhelm von Humboldt, Ferdinand de
Saussure, Edward Sapir, Benjamin Lee Whorf, Franz Boas, Noam Chomsky, Michael Halliday, and others;
in Russian linguistics, Alexander Potebnja, Anna Maslova, Anna Wierzbicka, Viktor Vorobyov, and Vladi-
mir Shaklein, in Azerbaijani linguistics, researchers such as A. Badalbayli, V. Ismayilov, N. Mammadova, F.
Aliyeva and others have contributed to this field.

Introduction: Linguoculturology is the field at the intersection of linguistics and cultural studies. As
its name suggests (from Latin lingua — language, cultura —culture, logos — science), this discipline studies
how a nation’s culture is reflected in language and its distinctive features. Its goal is to represent national
identity through linguistic facts, as well as the people’s cognitive and ethical categories, and to determine
their functions and place within the system. A. Maslova explains this field as follows: “Linguoculturology
is the science that emerged at the intersection of linguistics and cultural studies, investigating the man-
ifestations of a nation’s culture as reflected and formed in language” [Maslova, 2010, p. 37]. The scholar
notes that there are several types of linguoculturology, each consisting of separate linguocultural units.
Its main characteristics are as follows:

Reflection of folk culture — Through language, a people’s customs, values, and worldview become
visible.

Manifestation of national identity— Linguistic facts reveal the moral and cultural characteristics of
the nation.

Functional systematicity — Cultural and linguistic elements operate in an interconnected and
systematic manner.

Presence of unified structures— Linguocultural units serve as distinct objects of study within each
area.

New perspectives— The interaction between language and culture can be explored more deeply and
from different angles.

In linguoculturology, the objects of study are units at various levels of language that carry cultural
meaning. The following elements are primarily examined in this field:

Non-equivalent vocabulary and lacunas — Words and concepts closely tied to a people’s lifestyle,
everyday life, history, and worldview, which have no full equivalents in other languages. These units re-
flect the uniqueness of national culture and require special explanation during translation.

Mythological language units — Concepts related to archetypes, mythologems, customs, and rituals.
These units reflect a people’s early worldview, cosmogonic ideas, and collective subconscious. The aim
here is not the entire myth, but identifying its core elements stabilized in language.
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Paremiological lexicon — Through proverbs and sayings, these units convey a people’s life experi-
ence, moral values, behavioral norms, and attitudes toward the world. Paremiological units serve as car-
riers of cultural memory.

Phraseological lexicon — Fixed expressions and idioms preserve a people’s national mentality,
emotional attitudes, and cultural stereotypes. Through phraseology, myths, customs, and historical
events are kept alive in linguistic memory.

Standards, stereotypes, and symbols — Acting as cultural codes, they shape national models of
understanding the world. Standards ensure that events and objects are evaluated according to national
measures, stereotypes reflect stable cultural perceptions, and symbols convey deeper layers of meaning.

Metaphors and linguistic imagery — One of the main tools revealing the connection between
language and culture. Through metaphorical thinking, abstract concepts are expressed via concrete
images, and cultural values are presented in linguistic form.

Stylistic means of language — Lexical, syntactic, and stylistic devices that create emotional
expressiveness. These means demonstrate how culture manifests in language, in what forms, and with
what functions.

Speech style (manner of speaking) — Encompasses the cultural-linguistic norms that determine to
whom, where, and under what circumstances it is appropriate to speak. Social status, age, type of rela-
tionship, and communicative situation play a central role.

Features of speech etiquette — Social and cultural rules covering behavioral patterns such as greet-
ings, forms of address, expressions of gratitude, apologies, etc. Speech etiquette reflects the national
mentality and cultural norms of behavior in language.

These elements are studied not as a single, homogeneous system but rather as a heterogeneous
set, presented directly as carriers of cultural concepts.

In linguoculturology, language is examined both in terms of words and speech styles, that is, lan-
guage itself is treated as the object of study.

Mythologized language units — Archetypes, mythologems, customs, and rituals. The primary goal
is not the entire myth but to identify its key elements: the image, the situation, and the “main hero.” An
archetype is a stable image formed in the subconscious and widely present in culture.

Paremiological lexicon (proverbs and sayings) reflects the people’s hardships, needs, living condi-
tions, and moral worldview.

Phraseological lexicon reflects the national mentality and culture, preserving ideas and perspec-
tives related to myths, customs, and rituals.

In other words, linguoculturology studies language as a carrier of culture, revealing a people’s
worldview starting from individual words.

Standards (Etalons) — Units that reflect a people’s worldview and national model of understanding
the world. For example: “strong as an ox” or “like the bulging eyes of a calf” (a beauty standard among
the Kyrgyz). They measure worldly events according to national-typical proportions and enter language
through concrete comparisons: “cheerful as a bird,” “angry as a wolf,” etc. Any idea, especially regarding
human traits or measurements of the world, can serve as a standard.

Metaphors and linguistic imagery — Important units that illustrate the relationship between words
and culture; they carry essential information and reflect cultural values.

Other research areas in linguoculturology:

Stylistic structure of language — Examines how existence and reality are expressed in various forms
within a language.

Speech style and behavioral norms — Studies expressions and behavioral patterns fixed in nomina-
tive, stylistic, and grammatical units.

Thus, linguoculturology analyzes all the subtleties of culture and national worldview through lan-
guage.

Linguoculturology and speech etiquette — As Osip Mandelstam noted, it studies the concept of
“cultural politeness.” Speech etiquette demonstrates the social-cultural rules of verbal behavior that
arise according to people’s social and psychological roles and the formal or informal context of commu-
nication.

Linguoculturology studies the “language — culture — human” connection and its development is
closely related to ethnolinguistics and other achievements in linguistics.

Anna Wierzbicka describes the field as follows: “Linguoculturology is the science that unites and
systematically investigates cultural and linguistic units. It examines the use of cultural values as reflected
and manifested in language, thereby forming the concept of the ‘linguacultureme’ [Wierzbicka, 1992,
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p. 11]. She emphasizes that each language possesses its own national uniqueness,; not only the natural
environment and culture but also the national character of its speakers are reflected in language. The
lexical composition of different languages mirrors the core values of their respective cultural communi-
ties. Such research is valuable not only for linguists but also for anthropologists, psychologists, and phi-
losophers.

In the modern era, linguoculturology develops in parallel with cultural studies and examines the
boundary between language and culture.

V. Vorobyov introduced linguoculturology as a new discipline within linguistics. He states: “Lin-
guoculturology is a complex science; it studies the interaction between language and culture, combining
cultural and linguistic content and presenting it systematically” [Vorobyov, 2005, pp. 36-37].

According to Wilhelm von Humboldt, language is both an activity and a powerful tool for creativity;
it is a primary indicator of a nation’s spiritual existence. The main idea is that culture manifests itself
through language, and humans acquire their culture via language.

Alexander Potebnja also emphasizes the creative nature of language: “The more language embod-
ies an active character, the more it carries the essence of creativity” [Potebnja, 2007, p. 72]. For him,
language is a form of aesthetic creation. Potebnja considers myth as analogous to language—the myth
in early communal societies represents the perception of the world, combining it with ritual and aesthetic
elements.

Linguoculturology remains a relevant and scientifically valuable field within linguistics. In Russian
linguistics, systematic research in this area began in the late 19th century, while in English linguistics it
started developing during the transitional period of the 19th—20th centuries. In Azerbaijani linguistics,
problems of linguoculturology have been studied since the late 20th century within the framework of
modern national linguistics. New aspects emerging at the intersection of language and culture give rise
to diverse approaches and different conclusions, reflecting scientific continuity and inheritance in the
field. Over the past ten to fifteen years, numerous studies and monographs on language and culture have
been published, solidifying scientific conclusions regarding the characteristics, objects, and subjects of
linguoculturology. Currently, linguoculturology is one of the main directions of national linguistics, and
recent research shows that it has already taken shape as an independent scientific discipline.

This field is studied from various perspectives:

Manifestation of language and ethnos in cultural units — Russian linguistics: Alexander Potebnja,
Anna Wierzbicka, Viktor Vorobyov; English linguistics: Wilhelm von Humboldt, Edward Sapir, Benjamin
Lee Whorf; Azerbaijani linguistics: A. Badalbayli, V. lsmayilov.

Ethnocultural information in ashik and jirau poetry — Russian linguistics: Vladimir Shaklein; English
linguistics: Franz Boas, Noam Chomsky; Azerbaijani linguistics: N. Mammadova, F. Aliyeva.

Etymology of ethnocultural names — Russian linguistics: Anna Maslova, Alexander Potebnja; Eng-
lish linguistics: Ferdinand de Saussure, Michael Halliday; Azerbaijani linguistics: A. Badalbayli, N. Mamma-
dova, F. Aliyeva.

Manifestation of culture in language — The expression of national cultural features through lan-
guage. Viktor Vorobyov notes that linguoculturology is closely connected with ethnolinguistics and dia-
lectology and lays the groundwork for forming new scientific approaches to studying language in a cul-
tural context [Vorobyov, 2005, p. 142].

Anna Maslova points out that linguoculturology studies not only the structural aspects of language
but also its connection with individual thought, speech, and cultural-practical activity, leading to new
research directions. Among these directions, linguoculturology, anthropological linguistics, and the study
of culture through language hold a special place [Maslova, 2010, p. 221].

Today, the extensive discussion of linguoculturology as one of the key means of understanding the
national language in recent studies indicates that this scientific field has already begun to take shape.
“Linguoculturology is the scientific discipline that examines ethnocultural and ethnopsychological fac-
tors, as well as the national-cultural semantic components in language, through the lens of cultural stud-
ies. It reflects the contemporary use of language and presents national uniqueness in accordance with
the requirements of the time, without linking it to any ideology. In this regard, the language—nation—
culture triad constitutes the primary object of study in linguoculturology.”

Anna Wierzbicka, who investigates translation-related linguoculturological problems, states: “Lin-
guoculturological features are distinctive traits that are organically connected with national culture and
cannot be separated from it” [Wierzbicka, 1992, p. 158]. The study of linguistic facts from a linguocul-
turological perspective primarily serves to identify universal humanitarian, cultural, and civilizational as-
pects across languages. Since events in nature and society, social consciousness, and customs are
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reflected in language, the process of naming and its formation features are analyzed from a linguocul-
turological standpoint.

As noted above, culture forms the foundation of a people’s national-mentality values, and these
values are reflected in the essence of language. Reality is expressed and perceived through the power of
language in a figurative manner. This very point forms the basis of linguoculturology, the science that
targets the intersection of language and culture. At the same time, language is an integral component
of culture and is considered a spiritual entity within linguoculturology. In other words, a language em-
bodies a nation’s worldview, customs and traditions, distinctive features of national culture, and spiritual
life. Language develops in close connection with culture, while simultaneously shaping, enriching, and
preserving it.

Linguoculturology recognizes the totality of cultural and linguistic units and studies them system-
atically, examining the operative mechanisms of cultural values as reflected in and manifested through
language. In this regard, it functions as a scientific discipline that unites elements of language and culture
around a central focus.

Consequently, a new domain of language has emerged at the intersection of linguistics and cul-
tural studies. This rich linguistic field, which reflects the deep layers of national worldview, customs, and
cultural consciousness, has not yet been fully and comprehensively explored. This presents an important
scientific task for future researchers.
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Abstract

This article considers the concept of a "smart city" as a general vector of further socio-economic
development of cities, which can lead to the creation of a qualitatively new standard of living for the
population with appropriate improvement of approaches to city management.

AHHOmMauus

byn makanaoa "akbiiobl Kana' myciHiei Kaaanapobl Xainbl  a/1eyMemmik-3KOHOMUKA/IbIK
dambimyOobIH Hezi3ei BeKmMopbl pemiHoe Kapacmeipbiiaokl, by KanaHbl 6ackapy macinoepiH muicmi
mypoe xemindipe ombipbin, XasibIKMbIH 6Mip CYpPYIHIH Canasibl ¥aHa oeHeeliH Kypyaa aKesyi MyMKiH.

Keywords: "smart city", intellectual potential of the territory, "intelligent” management, priority
areas of smart city development.

TyUiHOi ce30ep: "axkpinobl Kana', aymakmelH 3usmkepsik aneyemi, "3usmkepsik" 6ackapy,
"akb110bl" KaaaHb! 0ambimyobiH 6acbim 6asbimmapsi.

Koaamza TepmiHwi ©HepKacinmik PeBositoyusl 31eMeHmmepiH KeHiHeH eHzizyee HezizoeneeH KP
lpe3udeHmiHiH 2018 xwbinabl 10 KaHmMapoazbl Kazakcmad xankbiHa Xoaodaysl Heziz2i oH 6azbimma
mypaosbi, aa OHbIH 6ip 6aabimabl, AeHU OHbIHWBI 6A2bIMbI KA3ip2i Ke3eHoe2i #axaHobIK 0amy cunamsiHOAzb!
«AKbl10bI Kana» (Smart City) mexHo/mo2UACbIH eHzi3yee apHasizaH. Hakmel maxcipubesik miHoemmep
KoUbinzaH 6y keweHOi 6azdapiamarbiH 6ap/ibiK Ka3aKkcmaHobIKmap YwiH MaHbi3bl eme 30p, COHbIH
iWwiHOe ocbl OHbIHWbLI 6agbimMmMbIH KaA/id/ibIK OPMAaHbl aKblI0bl CMaHoapmmap KemezimeH 6ackapyobiH
KeweHOI mypiH eHeizy2e 6bazbimmasybiHbIH Ka3ipei maHoa MaHki3bl eme 30p [1].

Ocbl bazsimma enimizde 6ipkamap xymbicmap 0d amkapbiayod, 0/ mypasbl  YKimem
OMbIpbICMApbIHOa muicmi bagHoamanap 0a xacansin Kenedi. Aman admap 6oncak, Smart City
KOHUenuusicbl 6ap/ibik, Kananblk KbiamemmepoiH muimoiniziH apmmeipyea 6azeimmasneaH. Smart City
MUCCUSAICbIHbIH He2i3i - a0am M aHe OHbIH Ka}cemmisikmepiH KaHaaammadobipy. AKbI10bI KA/IAHbIH Hezi32i
cunammamanaps! - xadsabiabiK, Kayincizoik, muiMOiNiK CoHe 3K0102usbIK, «Ljupprbik Kazakcma»
Memekemmik 6az0ap/amackiHbIH Heeizei KepcemkilumepiHiy 6ipi - enimizoiH 6ec ipi KananapbiHOa -
Smart Astana, Smart Karaganda, Smart Ontystuk, Smart Almaty, Smart Aktobe KananapsiHoa «Smart
City» mexHonoeusanapsiH 0ambimyob! Ke30edodi» [2].

Kaszakcmad XxasikeiHa apHasagaH Xosndayda da 6y makbipbin bekepoeH-bekep KemepiimezeH,
elmkeHi Kazipei yakbimma «AKbi1Obl Kana» Hemece «Smart city» mexHono2usnapsl UU@dPbIK,
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SKOHOMUKAHbIH VJiKeH 6ip 6esiieiH Kypalobl, XaHe 0e Uudp/ibiK SKOHOMUKAHbIH ©3i CUSKMbI HAXAHObIK,
cunamma, CoHObIKMAH OHbI ICKe ackIpy x3ceke bip Kkasaa 0eHeeliHoe aaHa emec, Memiekemmik deHeelioe
Hypeizinyi muic. Kasipei yakbimma 6ys1 6azbimmaabl ¥yMbICmapobl OyHUe XCY3iHiH Kenme2eH aiobiHabl
Kamapsbl es10epi icke acbipyoa [1].

b6¥Y [3] manimermnmepi 6olbiHwa 20 14 xbiibl dep bemiHoeai xaibikmbiH 54% kananapoa mypaaH
exkeH. 1950 xcbinibl 6y kepcemkiw 6apsibiabl mek 30% 6onzaH, an 2050 xbinga Kapal a/1em XasiKbIHbIH
66% Kananapoa mypaobi den bosmaryda. E2ep ocbl MaceneHi aimakmap 6olbiHWAa KapacmsipamaiH
6oscak, oHoa 2014 x3cbiabl Kana xaakel Conmycmik Amepukada 82 %, JlambiH AMepuKkacs! meH Kapub
endepi baccelHiHoe - 80%, Esponada - 73 %, an Appuka meH A3us endepiHoe by Kepcemekilu muiciHuwe
40% xcoHe 48% KypazaH. Az, Kepuwiinec Pecell efiHOe Xa/iblK CaHbIHA WAaKKaHoa Kaaa XaakbiHbiH CaHb!
73% Kypaliob! ekeH. Ocbl dcazoal 6i30iH enimizde 54, 1 waHe 45,9 nalibi30biK KaMbIHACMA.

CoHObIKMaAH, bys1 bazbim eme Kbi3biKkmbi, api Kazipei maHoa Koeamoazb! yikeH macesienepoiH bipi
den atimyaa 601a0b1. ©UmkKeHi 6i3 ocbizaH 0elliH, «aKbii0bl» 0e2eH ce30i adamoapaa KambICMbl (MbICAsIbI,
akb110b1 6a1a, aKbI0bI Kbi3), COHbIMEH KAMap X aH-3aHyapsiapaa KamabICMb! (MbICA/ibl, AKbl/10bI MbIChIK,
aKbl10b! UM XaHe m.6.) almabin Kescek, COHabl Ke30epi by/1 «aKkbia0bl» CO3i mexHUKaaa, 6i30i KopuiazaH
opma obvekminepiHe 0e Kamabicmbi 0a alimeiia 6acmaoskl (MbICasibl, AKbII0bI MAWUHA, AKblLI0bI Namep
HaHe m.6.). OcbiHOal mepmuHOep CoHabl yakbimma 6i30iH Koaamaa KeHiHeH eHe 6acmaokl.

Kasipei yakbimma Ko2am 0amybiHOa VIHmepHem anemi VYJjKeH OpbIH anaobl. VIHmepHem
MYMKIHOIKmepiH nadodanaHy apkbiiibl (VIHmepHem anemi, 10T) KoeamObli 0ambimyobiH €H MAaHbIMasl
bazbimmapsbiHbiH - 6ipi — «akbiobl  Kana» (Smart City) myxbipbiMOamackl. «AKbiIObl  Kaaa»
MYXCbIPbIMOAMAChIHbIH  PYHOAMeHManboblK NPUHYUNi 60/bIN,  KAAA/bIK OpmMaza aknapammaik
MmexHoI02Uus/1apobl  eHei3y mabkiiadbl. byn Keskapac memsiekem neH KO2AMHbIH ©3dpd KapbiM-
KambIHACbIH XaKkcapmaobl, Kaadsibik Kbi3mMemmepoiH candcbl MeH muiMOisli2iH apmmbipaobl, HaHe
ocbIapobiH 6apsibiabl bipee XasbiKkmbiH eMipiH canasibi mypoe e32epmedi. CoHOau-ak, «aKkbla0bl Kaaa»
NpuUHUUNMepi MeH memikmepiH eHei3y dpKbiibl KAJdHbIH MYpakmsl 0amybiHa bipbiHeal Ke3kapac
Kaszabinmacaosi [4].

«AKbl110bI Kana» (Smart City) mexHonoeusnapbiH KypyobiH 6acmsi Makcamsi — 0J1, KAJ1dHbIH
UHPPAKYPbIIbIMbIH AKCAPMYy APKblibl OHOA MYPbIN ¥AMKAH d3aMammapobiH emip2e KaHazammary
dereeliiH apmmeipy.

«AKbl10bI KAJ1a» MYX(bIPbIMOAMACh! YW Hezi3ei 6a3asibiK napamempriepMeH cunammasaosbi:

-MexXHO/I02USI/IbIK,

-3USIMKepIIiK,

-eMip CMUJIIHE eHel3iiemiH e32epicmep.

«AKbl10bI KA1a» MYXbIpbIMOAMAChIHbIH [CKe aCbIpblybl 3KO02US/IbIK MA3d, Kayincis, 3Hepausi
Kke30epiHe b6all, keH MyMKiHOIKmepoi auwibin, adamoapobiH 3#ad/ibl emip CypyiH KAMMAamacki3 emyi muic.

3usmkepnik 3aHebipmyobl Kaxcem ememiH 6ackiM cananap apachiHoa anzawikbl opbiHOapobl
memaekemmik  6ackapy, KasnavbiH UHOPAKYPbIIbIMbI X(aHe 3KOHOMUKA canackl anaobl. OCbl
cekmop/1apObl 0ambimyObiH Hezi32i 6azbimmapbi memeHoe Kecmeoe KeJimipisiceH.

Kecme 1 - «Akbliobl kana» (Smart City) mexHonoeuscbiH 0ambimyObiH MAHbI30b! 6asbimmaps!

VIHHOBAUUA/TbIK IKOHOMUKA KananbiK UHPPAKYPbIIbIM Memnekemmik 6ackapy

O©Hepkacinmezi, knacmepnepoezi, | Kesik Kbiamemi A3zamammapaa  aKiMWIsiK — Kbi3mem

Kanasibik ayoaHoapdaabi Kepcemy

UHHOBAYUSA/IAP

AKbII0bI H#CYMbIC KyWi: 6iim 6epy waHe | IHepeemuKka 3aHe KOMMYHANObIK | OKindik xaHe mikenel demokpamus

HCYMbICNEH KaMmy Kbi3Memmep

binimee Hezi30es2erH KoMNAKUAAAp Kypy | KopwazaH opmaxbi  Kopeay /| Azamammapea apHaneaH
Kayincizoik Kbi3Memmep: emip Cypy candch!

Mbicanbl, ocbl  6azbimmapoadzbl  MYXbIipbIMOAMacbiMbiHadal benzinepde KepiHyi  MyMKIH.
VIHHOBAUUSA/IbIK 5KOHOMUKA ©30i2iHeH demKisikmi }aHe mabuau-KemipCymek pecypcmapbiHaH mayescis
6ony Kepek. Kanasnbik UHGPAKYPbIIbIMEA IKOHOMUKA/IbIK YaHe HAHAPMbIIAMbIH 3Hepaus Ke30epiH
eHei3in nadoanady Kaxcem. Memaekemmik KbI3Mem CaaanapbiHoa KanumasobiH, KAPMbl/IbIK H(oHE
3UAMKEPJIiK, COHbIMEH Kamap adamHbiH bacekeee KabinemmisieiH apmmabipy YUiH HCYMbICMAp #acanybl
kepek [4].

«AKbl10bI Ka/1a» 0aMbImyObIH X0J1 KAPMACh!

«AKbl10bI KA1a» MYXbIPbIMOAMAChbIH 0amMbimyOblH #C0J1 KAPMACh! OCbl MYX(bIPbIMOAMAHb! iCKe
acbIpyoblH MbIHA0al »oJibiH YCbiHaobl. Ocbl bazsimma KabbiidaHeaH Kazakcmad Pecnyb/ukackiHbiH
cmaHoapmel, fizHu  KP CT «Cmapm kana. Ce30ik» KyxambiHOa «akbli0bl Kaaa» MmepMUHiHe
badnaHbicmbl 6ipkamap aHbikmamasaap bepiszeH.
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AIObIMeEH, «AKbLIObI Ka/1a» MYXCbIPbIMOAMAChkl He YUliH Kaxcem? 0e2eH Cypak mybiHOalobl.

bipiHwideH, Kananap 63 KoaambliH, OpmachkIH 3epoesien 3epmmeysiepi Kepek. Anga makcam kKolmad,
mabbICKa X#emy MyMKiH eMec, COHObIKMAH azamammap MeH bu3HecmiH Ka)emminikmepiH, 0/1apobiH
myooenepiH, epekwenikmepiH, olnay a0iciH, 6inim 0OeHeeliH, Xac KYpblUIbIMbIH XaHe m.6.
KaxemminikmepiH 3epmmey Kepek, S2HU a0bIMeH XAJbIK, «aKbl/10bl KAIAHbIH» He YWIH KaXem eKeHiH
MYCIHYI Kepex.

COHbIMeH «aKkblIObl Kaia» MexHOM02USChIHbIH Kax}emmisi2i aHbiIKmanzaHHaH KediH, 6y
MYXbIpbiIMOaManb! Kanall icke acbipyea 60/1a0bi? 0ezeH 3aHObI CYpak ma mybiHOalob!.

EKiHWIOeH, «Heze Kaxem», «He YWiH Ka}em» 0e2eH CYpak aHbIKMAaaeaH Ke3oe KOHUenyusiCbIHb!
icke acbipyobiH «Kaaal», «KaHoal XOJ/IMeH» 0e2eH Cmpame2usiCbiH ¥acay Kepek. Aman alimkaHod,
«aKbl/10bl Kaaa» bacmamanaps! Kaaad mapanaobl, MyHOal cascammabsiH MAKCammapb! MeH MiHoemmepi
KaHoau?

«AKb1/10bI KaJ1a» WApAchIH Kypyea Kim myooesti?

«AKbl10bl  KA/IGHbIH»  APMbIKWALIbIRbI, eH an0bIMeH, XaJblKMbIH 6Mip Ccypy Xazo0aliapbiH
xeakcapmyea 6azbimmasnaaH. CoHObIKMAH, eH andbiMeH 6ys1 udesiHbl azamammap Ko/10aybl kepek. Oap
OHbI 0aMbIMY2a HaHe Hcy3e2e aCbIpyaad Kbi3bIRYUWIblIbIK MAHbIMYbl KepeK, COHbIMeH Kamap npouyecke
Kameicybl 0a Kaxem. Mbicanbl, npouecmepdiq awbIKMblabiH ApmMmbIpy, 371eKMPOHObIK YKiMem
xcylenepi apkbi/ibl 6ackapy MyMKiHOIkmepiH KeHelmy xoHe m.6.

Jlecerimen, xcozapbida amasnzaH b6azbimmap 60UbIHWA HYMbICKA Kipicnec 6ypbiH,  anobiMeH
KaaanablkK KoRamoacmbIKMbIH HE2i3iH myCiHeeH 3eH. Kasipei ke3oeei oHbIH Xazdalibl KaHoal, KaaaHblH
2e02padusIbIK WeKapaaapsbl, Kepuliiec ayoaHoapmeH 63apa KapbiM-KambIHACMAapk! #aHe m.6.

YcbiHbIRaH anzopumm 60UbIHWA XHCYpei3iiemiH XYMbIC KORAMHbIH yoepicmepiH 3epoeneyee,
XA/IbIKMbIH Ka}emmi/likmepiH aHbIKman, 0/1apad KoJ1 X emkKi3yoiH Makcammapbl MeH KypaaodpbiH
Kaabinmacmasipyaa MyMKiHOIK 6epedi [4].

Enimizde «akbiiObl Kana» mMyXbipbIMOaMAcbiH cmaHoapmmay macesieci KaHoad, ockizaH 6ipas
mokmanaubik.

bi30iH enimizde 0e «akbiaobl Kananap» Kypy 6olbiHwa ¥obanap Kypacmsipbiibin, 0Cbl 6azsimma
6ipKamap 3cymbicmap xcypaizinyoe.

2016 xcwbiibl «Acmara Innovations» AK 6aszaceiHoa «TK 34 (TK34/SC2)  Aknapammbik-
KOMMYHUKAUUSI/IbIK MEeXHO02us/1ap CandacbiHOaabl «AKbiiObl Kana» Kiwi Komumemi Kypbliobl, OJ
byeiH0e AcmaHa KaaackiH akbl/i0bl KAaaadp KamdapbIHa KOCY XYMbICMApPbIH #acayoa.

byeiHei KyHi KazakcmaHoa XasbikapasabiK CMaHoapmmap HeeiziHoe a3ipieH2eH «AKbIOb! Kaaa»
CanaceIiHOa CMpame2usisibiK yaHe xcylenik macenenepdi weuwlyoiH HOpMAmUBMIK H(aHe MEXHUKA/IbIK,
Kycammapsi 6ap. Kazipei madoa Smart City xcobanapbiH icke ackipyobl XeHiidemy MakcamsiHOA
KanaHbiH bacwsiiapsl YwiH 9 Heziz2i yimmsik cmaHoapm 6ekimineeH, coHbiH iwiHoe Smart City
KOMNOHeHMMEepiH YOocnap/ay oeHe eHeisy cmaHoapmsel 0a 6ap. HemuxceciHoe 2015 binbl 1
Heei3kanaywibi cmaHoapm, an 2016 Xbisibl 8 Hezi3Kkanayuibl cmaHoapm Kabbli0aHaaH.

bynapdarn b6acka 7 Hezizkanaywibl cmaHoapmmap Kypacmsipy 6olbiHWwa 0a Hymbicmap
Heypeizinyde. CoHbiMeH Kamap, «3epoe» YimmbiK UHPOKOMMYHUKAUUSA/LIK X0n0uHel AK Memiekemmik
cmaHdapmmay XocnapbiHa Heai3Kkanayulbl CMaHodpm KYpacmaipy #YMbICMAPbIH #OCNAPan OpbIiHOAn
Kesneoi.

Cmardapmmapaa KolbliambsiH maaanmap ypoicmepee Hezi30e/12eH: MyXbipbiIMoamMaza 0eceH
KbI3bI2YWbI/IbIK ApMbIn Kenedi, ¥caHa ¥cobasnap natda 60/1adbi, 01ap0biH apacsiHOazb! Kesicy 60imadosb.
BipbiHaal kpumepudl 6iniMOi KOpbimyaa, Kyw-xi2ep meH udesnapob! bipikmipy2e MyMKiHOIK 6epedi,
KaHoad KanaHbl «akbla0bl» 0en Kapacmblpdobl X#aHe OHbIH KYpPblibiCbiH me3demeodi. CoHbiMeH bipee,
CMaHoOapmmap KO2AMHbIH abiMOdabl KaxcemminikmepiH KaHaeammaHobIpy YWiH #0cndpobiH iCKe
ackipbiny ypoiciHoe e32epin omabipyaapsl muic [5].

Ocbl Kabb110aHaaH YImmaiK CMAaHOapmmap HeaiziHoe enimizoiH bipHewe KananapbiHod, aman
X02apbINIa KeamipineeHoel Acmaxa, Aamamei, LLbimkeHm, Akmebe xaHe KapagaHob! KaianapbiHoa
«aKbl/10bI KA/1a» MYXCbIPbIMOAMACkIH eH2i3y K0J/12a a/ibIHY0d.

KananapobiH uHmesnekmyanobl oamyaa MymMKiHOIKOikmepi 6osybl ywiH M2M mexHon102usCbiH
HcaHe 6inim bepydi ¥aHabipmy Kaxem.

Machine-to-Machine (M2M) - mawuHaapasibik aknapam aamacy Hemece OHbIH 6ip Xakmel
mapamaisybl. TexHoao2us «6o1auaabl 30p» HaHe «aKbl/I0bl KAaa» My*bipbIMOAMACkbIHOA KeH ayKbIiMOb]
KOCbIMWAanapobl — Kymeoi. Mbicanibl,  «akbliobl» Yl CeHcopaapbiHOa —aya memnepamypdachi,
JHApbIKMAaHobIpy deHeeli dcaHe m.6. «AKbiiObl» yiodeH backa M2M wewimoepi KenmezeH x3cylenepae:
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f2HU menemoep, Kayinci3oik, Hasu2auus, KOMMYyHa10bIK Kbismemmep, XKX, cayoda, deHcay/ibiK cakmay
HoHe m.6. kemekmecedi [6].

TwHCbIpbIMOAMa KanaaHbl 0ambimyobliH MbiHAoal MiHOemmepiH KeweHoi wewyee 6aabimmasnaat,
fAeHU:

1. Kananbik UHGPAKYpbiibIMObI KeWeHOi #aHabIpmy;

2. AUMAakmbiH UHBECMUYUSI/IbIK MAPMbIMObI/IbI2bIH APMMbIPY;

3. Kananbik opmaxbiH 6HIPIK UHHOBAUUS/IbIK XCyldeciH dambimy;

4. Kana akimoieiHiH wewim Kabblioay yoepiciH oHmadlaaHobIpy;

5. backapy cmuJiiH 3aHabipmy;

6. KanaHbIH MypabIHOAPbIHbIH 6Mip CYpPYy CANACbiH XAKCAPMY, OHbIH [WIHOe XCYMbIC iCMey, oKy
JaHe Oemasy yWwiH Koaalibl »agoadaap xcacay;

7. Xasibikmbl aknapammadobipy;

8. KoaamobIk Kayincizoik 0eHzeliH Kemepy.

COHbIMEH, MAaKa/iaHbIH COHbIHOA MbIHA0al KopbimbIHObI Xcacayea 60/1a0bl, S2HU MAl/bibIK,
Kayincizoik, MuiMOisiiK aHe 3K0JI02US/IbIK CUSKMbI KeweHOi 0amy Kax)emmisliKmepiH XaHe Kenme2eH
ylbiMOap meH KacinkepaepoiH CYpaHbICMApbIH ecenke aaa omabipbin, 3pMypJi KAaadbik Kbi3MemmepoiH
aabiModabl  KaXemmi/ikmepiH XoHe 0amy nepcnekmuBanapbiH —eckepemiH — «Smart — City»
MexXHOJI02UAChIH eHei3y «TepmiHwi eHepkacinmik pesosirouus x#azialibiHoaabl 0amyObiH XaHa
MyMKiHOIKmepi» ammabi XX010ay0biH OHbIHWbI 6a2biMbIHOA KAPACMbIP/2AH Maaanmapaa cad Keseo.
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Abstract

The article examines the process path of enterprise management as a modern management con-
cept aimed at improving the efficiency of an organization in a dynamic external environment. The essence
of the process approach, its distinctive features in comparison with the functional management model,
as well as the key principles of building a business process system are revealed.

AHHOMAayus

B cmamsbe paccMampusaemcs NPoYeccHbIt Nyms YnpasieHus Npeonpusimuem Kak CoBpemMeHHast
VYNPAaB/IeH4YeCcKas KOHUEeNUuUs, OpUeHMUPOBAHHAS HA NOBbIWEHUe 3pdekmusHocmu 0esmesbHOCmuU
0p2aHu3auuU B YC/I0BUSX OUHAMUYHOU BHewHel cpedbl. PackpbiBaemcs CYywHOCMb NPOUECCHO20
nooxoda, e2o omJIu4UMesibHble 0CObeHHOCMU NO CPABHEHUID C PYHKUUOHAIbHOU MOOE/IbHO YNPAaB/IeHUS,
a Make Kr4esble NPUHUUNbI NOCMPOEHUS CUCMeMb! BU3HEeC-NPoUeccos.

Keywords: process approach,; enterprise management; business processes; management efficiency;
organizational structure; process optimization; digitalization; competitiveness; strategic development;
sustainable development.

Knro4esble €108a: NpoueccHbid Nooxoo;, ynpassieHue npeonpusmuem; Ou3Hec-npoyecchl;
appekmusHOCMb  ynpassieHus;  Op2aHU3AUUOHHAS — CMPYKMypd, — ONMUMU3AUUS — NPOUECCOoB;
yugposu3ayus; KOHKYpeHmMocnocobHOCMb, Cmpame2udeckoe passumue; ycmoldusoe passumue..

Bsederue. B ycioBusix BbICOKOU KOHKYpeHUuUU, 4ugdposol mpaHcghopmayuu U NOCMOSHHbIX U3Me-
HeHul pbIHOYHOU Cpedbl NPeoNPUAMUS BbIHYX0eHb! UCKAMb HOBble NOOX00b! K ynpasieHuro. OOHUM U3
Haubonee 3¢ppekmuBHbIX U BOCMPeboBAHHbLIX HaNpasieHul 8A9emMcs NPOYECCHbIU Nymb YnpasaeHus
npednpusimuem. TpaduyuoHHAasi PyHKUUOHA/IbHAS MOOesIb YNpassieHuss NOCMeNeHHOo Ycmynaem Mecmo
NpoueccHoOMy NOOXo0y, OPUEHMUPOBAHHOMY HA CO30aHUe UeHHOCMU 019 nompebumers Yepe3 3¢pgex-
muBHoe ynpasJsieHue busHec-npoueccamu. B omsudue om mpaduyuoHHO20 PYHKYUUOHAIbHO20 N00X00d,
npoueccHoe ynpasJieHue opueHmupoBAHO HA CKBO3HbIE BU3HEeC-NPOUECChl, co30aroujue 4eHHOCmb 015
nompebumers.

lpoueccHbIt NOOX00 NOJYHU WUPOKOe pacnpocmpareHue 61a200aps passumuro Cmaqoapmos
MeHeOXtMeHma Kayecmsd, 8 YacmHocmu 8 International Organization for Standardization (ISO), a
MAakxe ucc/1edoBaHuUsmM 8 0671aCMu PeUHMCUHUPUH2A BU3HeC-NpOYEeCccos.

CywHocmb NPoUeccHo20 Nodxoad. [pouecCHbId Nymb ynpassieHus - 3mo CUCmemMa opeaHu3ayuu
desimesibHOCMU Npeonpusimusi, NpU KOMopol 0CHOBHbLIM 06beKMOoM ynpasseHus CmaHoBamcs busHec-
npoueccsl, a He omoesibHble NOOPA30eIeHuUs.
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bu3sHec-npouecc - 3mo COBOKYNHOCMb B3AUMOCBA3AHHbIX delicmaul, npeobpasyrouiux 8xo0b! (pe-
CYpChbl, UHGOpMayuUro, Mamepuasisl) 8 BbiXo0b! (NPOOYKUUKO UIU YCI1yeu), npedcmasasrouiue UeHHoOCMb
0/159 K/IUeHma.

CoenacHo cmaHoapmy ISO 9000, bu3Hec-npouecc - 3mo COBOKYNHOCMb B3AUMOCBA3AHHbIX U/U B3a-
umodelicmsyroulux BU00B8 0essmesibHOCMU, NPeobpasyrouUx BX00b! B8 BbIX00bI. [JaHHbIU N00X00 ba3upy-
emcsl Ha CeOYUUX NPUHUUNAX:

e OpueHmauyusi Ha nompebumers;

® CUCMEeMHOCMb YyNPABJICHUS,

e pacnpedesieHue 0meemCcmBeHHOCMU 3a pe3y/1bmamsai;

e U3MEepPUMOCMb U KOHMPOJIb NoKaszameried,

e HenpepbIBHOe Y/yquIeHue.

3HavyumesibHbIU BKAO B pazsumue KoHuenyuu npoyeccHo2o ynpasieHus sHecau Michael Hammer
uJames Champy, pazpabomasuiue meopuro peuH uHUpuUHea buzHec-npoyeccos, a makxce Joseph Juran,
copmyuposaswul OCHOBbI yNPasIeHUs Ka4eCmaomM.

Tabauua 1. Omudue NPOUECCHO20 U QYHKUUOHAIbHO20 YNpasIeHUs

Kpumepudi QYHKUUOHWIBHBIU Nodxo0 [poueccHbili nodxod
Cmpykmypa [lo omdenam [1o npoyeccam
OmsemcmaerHHocmb | PazdesieHa no nodpasdeneHusm | HasHadaemcs snadesiey npouecca
OpuerHmauusg Ha BHymperHue 3adadqu Ha kiueHma u pesyasmam
Tubkocms Huzkas Bbicokas
KoHmpoJib o pyHKUUSM [lo nokasamenisim npoyecca

DYHKUUOHAIbHAS MOOesb dppekmusHa 8 cmabusibHol cpede, 00HAKO NpU PoCcme CI0HHOCMU
bu3Heca oHa NpuUBOOUM K pazobuieHHoCmu NoopaszdeneHuUl U CHUXCEHUH ynpasisemocmu.

lMpeumyujecmsa npoyeccHo20 Nymu ynpasJsieHus.

1) lNoBbiweHue npo3payHocmu dessmesibHOCMU.

®dopmanuzayus u onucaHue NPoYEeccoB NO3BOJISIHOM BbIB/ISIMb 0y61upoBaHue pyHKuUL, y3Kue me-
CcMa u nomepu pecypcos.

2) ¥YnydweHue Ka4ecmsa npooyKuuU U Yciiye.

bniazo0apsi cmaHoapmu3sauuu U KOHMPOJIH0 nokazamesiell CHUXaemcsl BepOSIMHOCMb OWUOOK U
bpaka, m.e. cmaHOapmu3ayus NPoOUECCo8 CNOCOOCMBYEM CHUMeHU 0epheKmoB U NOBbILIEHUO YOoB/1e-
MBOPeHHOCMU K/IUeHMOB.

3) Pocm ynpasnsemocmu u omsemcmBeHHOCMU.

Ha3zHayeHue Bnadesibye8 NPoOUECco8 ycuausaem NepCcoHAsIbHyH OMBEemMCMBEHHOCMb 3d
docmueHue Heobxo0UMbIX pe3y/1bMmamos.

4) CokpauseHue u CHUXeHue 3ampam.

OnmumMu3auus NPOYECCoB CHUXaem U30epX(Ku, YCMpaHsem JuliHue onepayuu u ymeHbwaem
Bpemsi BbINOJIHEHUS 3a0aY, m.e. MUHUMU3UPYHOMCS U30epXKU U COKPAMUMbCS BPEMeHHbIe 3ampambal.

5) Mosbiweue 2ubkocmu u adanmuBHOCMU NPEONPUSMUS.

lpoueccHas Mooesib nea4e adanmupyemcs K U3MeHeHUsM BHeuwHel cpedskl, m.e. obecneyusaemcs
bosee bbicmpas adanmauyus K U3MeHeHUsM BHelwHel cpeobi.

6) OcHoBa 01 yugpoBuU3auUU NPOUECCOB8 NPOU3BOOCMAA.

Asmomamusauyus u BHeopeHue ERP-, CRM- u BPM-cucmem Heso3MoxcHbI 6e3 4emKo ONUCAHHbIX
Npoyeccos.

Smanskl BHeOpeHUs NPOUECCHO20 YNpas/IeHUs:

e Vl0eHmucukayus Karo4esbix busHec-npoueccos;

e OnucaHue u MoOdesupoBaHuUe NPoLeccos;

e HazHaveHue B/1adesibles Npoueccos;

e OnpedeneHue KPI;

o ABmomamu3sayus;

e HenpepbiBHOE COBEpUIeHCMBOBAHUE.

Yacmo BHeOpeHue conpoBOX0aemcs NpUMeHeHUemM CmaHoapmos Ka4ecmsa, Hanpumep cepuu ISO
9000 Cucmema MeHeOxMeHma Kadecmaa, paspabomarHbix International Organization  for
Standardization.

lNepcnekmusb! passumusi NPOYEeCcCHo20 ynpasJjieHus. B yciosusix yugposol mpaHcgpopmayuu npo-
yeccHoe ynpassieHue npuobpemaem HOBbIe HANPABICHUS PA3BUMUS:

- VIHmezpayus ¢ yugposbIMU MEXHOI02UAMU - UCNO/Ib30B8aHue BPM-cucmem, ERP-naamgopm u
aHanumuKku 60/16WuUx OaHHBIX.
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- Passumue bepexciuso2o npoussodcmaa (Lean) - MUuHUMU3AUUs NOMeEPb U HeNnpepbiBHOE CoBep-
WeHCcmBoBaHue Npoyeccos.

- [lepexod K 2ubpudHbIM MOOesIIM YNPasieHust - Co4emaHue NPoYeccHo20, NPOEKMHO20 U NPOOYK-
MmoB020 NOOX0O0B.

- Mlcnosib308aHuUe UCKYCCMBeHHOo20 UHMe/ieKma 0/15 dBmoMamu3ayuu aHaau3a u onmumu3a-yuu
Npoueccos.

- [puHaMUe ynpasiaeH4Yeckux peweHul sce yause 0CHOBbIBAeMCs Ha NPOYEeCcCHOU aHaaumuKe 8 pe-
a/IbHOM BpemMeHU.

lpoueccHoe ynpasieHue CmMaqoBUMCs ¢yHOamMeHmomM Cmpame2uyecko2o passumusi NPeonpust-
MUSA U KJI04YeBbIM 3/1eMeHMOM COBpeMeHHOU cucmembl MeHeoxmeHma. KoHuenyuu Lean u Kaizen ycu-
JIUBArOM NPOYECcHoe ynpassieHue 3a cyem MUHUMU3AUUU NOMeEPb U HeNPepbIBHO20 YJ1yYUIeHUS.

[pobnembl BHeOpeHus. Hecmompsi Ha O4YeBUOHbIE NpeumMyusecmsd, BHeopeHue NPouecCcHO20
YNpasaeHus CBS3aHO C pOOM C1I0XcHoCmeU:

e CONPOMUBJ/IEHUE NEePCOHA/IA OP2aHU3AUUOHHbIM U3MEHEeHUSIM;

e +He06X00UMOCMb NEPECMOMPA OP2aHU3AUUOHHOU CMPYKMYPhbI;

& 3HA4UMe/ibHbIe PUHAHCOBbLIE 3aMpPamel;

e He0OCMamoYyHas Keasaugukayus compyoHUKos 8 06,1acmu NPOUECCHO20 aHA/Iu3d.

YcnewrHas peanusauua mpebyem nooo0epicku BbiClie20 PYKoBOOCMBA U GOopMUPOBAHUS KYJ/lb-
Mypbl NOCMOAHHbIX Y1y4uIeHUU.

3aknoqeHue.

lpoueccHbIld Nymb ynpasieHuUst npednpusimuem 8/19emcs 3deKkmuBHbIM UHCMPYMEHMOM NOBbI-
WIeHUsI KOHKYPeHmMoCcnoCcobHOCMU, NPO3pAaYHOCMU U YNpasIseMocmu 0p2aHu3ayuU, OpueHmMUPOBAHHYHO
Ha nosblweHue 3¢ppekmuBHOCMU, Kayecmaa U KOHKYpPeHmocnocobHoCMuU opeaHu3ayuu. B ycioBusx
UuGpPoBoU 3KOHOMUKU OH CMAHOBUMCS HE NPOCMO A/lbMepHamuBol GyHKUUOHAIbHOU Modesu, a Heob-
XOOUMBIM YC108UEM YCMOUYUBO20 PA3BUMUS.

llepcnekmuBss! passumusi 0aHHO20 NOOX00A CBA3AHbI C yugposusayuel, aHaaumuKkold OaHHbIX U
uHmMezpayuell ¢ CoBpemMeHHbIMU YNPasIeHYecKUMU KOHUenuyusmu. [lpednpusimusi, OpueHmMUpOBAHHbIe HA
Nnpouecchl, NOYYarom cmpame2u4eckoe npeumyusecmao, 0becneqyusasl BbICOKoe Ka4ecmao, ONMUMA/b-
Hble 3ampamai U yO0oBemBOPEeHHOCMb KJIUEHMOB.

Takum 06pazom, NpoueccHoe ynpasJsieHue - Mo He BPeMeHHAas ynpasieH4eckas meHoeHyus, a
pyHOameHm coBpemeHHoU cuUCMeMbl MeHeoXMeHmA.
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Abstract

This paper examines the abrasion resistance of sewing threads used in industrial production. A
comparative analysis was conducted of threads of various fiber compositions—cotton, polyester, and
reinforced threads. Wear resistance was assessed using laboratory tests with repeated cyclic friction,
determining the number of cycles before rupture and the degree of reduction in tensile strength. It was
found that synthetic and reinforced threads exhibit higher resistance to mechanical stress compared to
cotton threads, which contributes to increased seam strength and a longer service life of finished prod-
ucts. The obtained results can be used to inform the selection of sewing threads for various operating
conditions.

AHHOMauus

B pabome ucciedo8aHa cmolKoCmb K UCMUPAHUK WBEUHbIX HUMOK, NPUMEHAEMbIX B
NPOMbILLIeHHOM NPou3B0dCMAe. [1poBe0éH CpasHUMesIbHbIU AHAIU3 HUMOK PAz/IuYHO20 BOOKHUCMO20
cocmasa — X/70N4amobyMa cHblX, NOUIPUPHBIX U APMUPOBAHHBLIX. OUEHKa U3HOCOCMoUKocmu
OCYWecms/If/Iack Ha OCHOBE 1aboPaAMOpPHbIX UCNbIMAHULU NPU MHO2OKPAMHOM UUKIUYECKOM mpeHuU ¢
onpedesieHuem Koau4ecmad UUK/IoB 00 paspbiBd U CMeneHU CHUXEHUS paspbiBHOU NPOYHOCMU.
YcmaHosnieHo, 4mo  cuHmMemu4yeckue U dpMUpPOBAHHbIE HUMKU obnadarom bosee  BbICOKOU
YCMOUYUBOCMbIO K MEXAHU4YeckoMy B030eliCmBUD NO CPABHEHUK) C X0NYAmMOOYMAX(HbIMU, YmO
cnocobcmasyem NOBbIWEHU NPOYHOCMU WBOB U YBE/IUYeHUr) CPOKA C/yxbbl 20moBbix u3desud.
MonyveHHble pe3y/ibmamsi Mo2ym 6bimb UCNO/Ib30BAHbLI NPU 0HOCHOBAHHOM BblbOpe WBelHbIX HUMOK
0/18 pa3AuUYHbIX YC108Ul 3KCNIyamayudu.

Keywords: sewing thread, abrasion resistance, wear, mechanical strength, polyester threads, rein-
forced threads, textile manufacturing, seam quality

KnroyeBbie ¢/108a: wiBeliHbie HUMKU, CMOoUKOCMb K UCMUPAHUK, U3HOC, MeXAHUYeCKas NPOYHOCMB,
NOAUSPUPHBIE HUMKU, APMUPOBAHHbIE HUMKU, MEeKCMU/ibHoe NPoU3B0OCMBO, KA4eCmBo WBA

LLIBelHble HUMKU AB/ISIFOMCS OCHOBHbIM CPEOCMBOM COeduHeHUs demasell Bepxa u HuU3a obysu.
Mpu npoussodcmBe 0byBu WBelHble HUMKU UCNbIMbIBAOM  3HAYUMesbHbIe  UCMUPAarouue
B030elicmausi, KoOmopbie NPUBOOSIM K YaCMUYHOMY UX PA3PYUIEHUIO, YMeHbWEeHU NPOYHOCMU, d 3amem
u paspbigy. TpebosaHue cmolkocmu K UCMUPAHUKO BECbMA CYUJECMBEHHOE, HO OHO, K COXCA/IeHUIO, He
obecneyqeHo onpedesieHHbIMU HOPMAMUBAMU U KOHKPEeMHbIMU OaHHbLIMU NO U3HOCY NPU WUMBE.

BaxcHbIM NoKasamesiem, Xapakmepu3syroujumM mexHo/i02udeckue cBolicmaa HUMOK, SBJISSemcs UxX
U3HOCOCMOUKOU NpU CAMOUCMUPAHUU, Ko20a B Kayecmase abpasusos UCNOJb3YHMCS UCNbIMyeMble
HUMKU.

lMo3momy ucciedoBaHue u3HOCOCMOUKOCMU HUMOK NPU CaMmoucmupaHue 8/1s9emcs akmyaibsHod
3adayed, Mak Kak 8 YC/08USIX COBPeMeHH020 00yBHO20 NPOU3BOOCMABA NPU CKOPOCMU pabomb! MAUIUH
0o 2500 — 3000 o06/MuH HUMKU ucnbIMbIBarom, HApAdy € opyeumu Bo3delcmausamu (yoapsi,
MHO20KPAamHoe YUKJ/Ibl pACMAXCeHUS U u32uba u 0p.) ucmupadue u camoucmupaHue.

Hamu uccnedoBaHa u3HOCOCMOUKOCMb HUMOK NPU CaMOUCMUPAHUe U ONpedesieHo KOu4ecmao
UUK/108 00 pa3pbiBA B 3aBUCUMOCMU OM MACChl NOOBEWIUBAGMOR20 2Py3d, Ya/1a Mexcdy BemsamMu a, suod
HUMOK. A mMak e onpedesieHa 3aBUCUMOCMb CMOUKOCMU HUMOK K UCMUPAHUKD OM paspbiBHOM
Hazpy3Ku npu pacmsxeHuu. [locmpoeHb! paguku. «3asucumocms CMOUKOCMU HUMOK CAMOUCMUPAHUHKO
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om Yy2ia Mexdy BemAMU» U 3dBUCUMOCMbL CMOUKOCMU HUMOK CAMOUCMUPAHUKO OM HUX Pa3pbiBHOU
Haepy3ke.

Takum obpasom, ucciedo8axue cmolkocmu K UCMUPAHUK NO3B0JIUM oNpedesiums HeKomopble
NoKAzamesiu XapakmepusyroujUux MexHOI02U4ECKUX CBOUCMABA HUMOK.
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